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ABSTRACT 


As an initial study of the role of catecholamines in neonatal adjustments, 
the excretion of free norepinephrine and epinephrine was determined in the 
urine of normal newborn infants, ranging in age from 5 to 233 hours at the 
start of the collection period. The 24-hour excretion of norepinephrine varied 
from 0.57 to 3.30 wg. and that of epinephrine varied from 0 to 0.77 ug. The 
percentage of norepinephrine, when related to total catecholamines, ranged be- 
tween 70.8 and 100, except for 1 infant in whom no norepinephrine was re- 
covered. An estimation was made of the ability of the newborn to metabolize 
parenterally injected epinephrine, by noting the percentage of a subcuta- 
neously injected dose of epinephrine recovered in the ensuing twenty-four 
hours, using the mean excretion of epinephrine by normal controls as the base- 
line value. From 0 to 1.8 per cent of the injected dose of epinephrine was re- 
covered in twenty-four hours, an amount quantitatively similar to that found 
in adults by other investigators. It would appear that chromaffin tissue in the 
newborn is capable of epinephrine synthesis and secretion. The role of non- 
chromaffin tissue in the excretion of norepinephrine in the newborn period 
presents an important area for further study, especially as regards states of 
altered maturation of the autonomic nervous system. 
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INCE the development of fluorescent techniques enabling measure- 

ment of the catecholamines in body fluids and tissues, there has been 
extensive documentation of catecholamine metabolism and excretion in the 
adult. The amount of free norepinephrine in the urine of the normal adult 
usually varies between 25 and 50 wg. per twenty-four hours; free epi- 
nephrine constitutes approximately 10 to 20 per cent of the total free cate- 
cholamines excreted (1). There have been, however, very few studies of 
catecholamine excretion in the newborn or young infant. Yet there are im- 
portant reasons why such a study might provide increased knowledge 
about the adaptations of the newborn period. The human fetus and those of 
almost all animals studied exhibit a striking contrast to the adult in terms 
of the catecholamine content of medullary and extramedullary chromaffin 
tissue. Whereas in the adrenal medulla of the adult human subject 18 per 
cent of the total catecholamine content is in the form of norepinephrine, the 
adrenal medulla of the fetus contains mainly norepinephrine, and epi- 
nephrine appears only late in fetal life. The ratio found in adults is not at- 
tained until around the end of the first year of postnatal life (2-5). There 
are significant differences between the relative percentages of both amines 
in the adrenal medulla among different species. However, there is a definite 
similarity of distribution and maturation of both pressor amines within any 
given species. Furthermore, West et al. (6) showed that extra-adrenal 
chromaffin tissue, such as the organ of Zuckerkandl, develops structurally 
and functionally to a much greater extent during fetal life than does the 
adrenal medulla. Accordingly, during fetal life, the extra-adrenal chromaf- 
fin tissues appear to be the predominant source of pressor amines. It would 
be of considerable importance to understand the relationship between this 
shifting pattern of catecholamine production and the great variability of 
response and the instability of neonatal circulatory adjustments (7). 

As an initial investigation, the excretion of free catecholamines in the 
urine of newborn infants was determined. In addition, a study was made of 
the recovery in the urine of free epinephrine after its subcutaneous adminis- 
tration. 

MATERIALS AND METHODS 


Quantitative determinations were made on 24-hour collections of urine from 21 
normal newborn infants who were between 5 and 233 hours of age at the start of the 
. collection period. Each urine specimen was collected in a bottle containing 2 to 5 ml. of 
6N hydrochloric acid, kept at room temperature during the collection; the specimen 
was then frozen or adsorbed onto alumina. Urine collection was accomplished by plac- 
ing the baby in a halved plastic pan at an angle of 45°. The urine flowed by gravity 
drainage through a small cotton plug filter into a collection bottle placed at least 12 inches 
below the bed.! The infant was not removed from the collection bed during the entire 


24-hour period. 


1 The collection system was devised by Artelissa A. Lipfert. 
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An adaptation of the method of von Euler and Floding (8) was used for the analysis 
of catecholamines.? Either the entire 24-hour collection or a 100-ml. aliquot was ad- 
justed to pH 3 with 5N sodium hydroxide, heated just to boiling, cooled, and filtered on 
a suction funnel. Heating in this manner is insufficient to split conjugates of either 
norepinephrine or epinephrine. Using a magnetic stirrer and a Beckman pH meter, the 
sample was brought to pH 8.4 with 5N and then with 0.5N sodium hydoxide, after addi- 
tion of 2.5 Gm. of alumina (Merck, untreated) and 5 ml. 0.2N disodium ethylenedia- 
minetetraacetic acid (Na2EDTA). Stirring was continued for five minutes. The sample 
was then centrifuged and the alumina washed with two 10-ml. portions of distilled 
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water and eluted with two 5-ml. portions of 0.5N acetic acid. The eluate was centrifuged 
to remove any suspended alumina and decanted into a test tube containing 0.2 ml. of 
0.2N NasEDTA. This eluate is stable for months under refrigeration. 

Fluorescent derivatives of catecholamines may be formed by conversion to their respec- 
tive iodochromes with iodine, isomerized to their respective trihydroxyindoles with strong 
base and then stabilized by ascorbic acid, as depicted in Figure 1. Using this metho. 
differential estimation of both norepinephrine and epinephrine was accomplished by 
oxidation at pH 6 and at pH 3.5. At pH 6, both norepinephrine and epinephrine are con- 
verted to the chrome form. At pH 3.5 only epinephrine is quantitatively converted to the 


2 Developed by J. Richard Crout, M.D., Section of Experimental Therapeutics, Na- 
tional Heart Institute, National Institutes of Health, Bethesda, Md. 
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chrome form, whereas norepinephrine is oxidized to the extent of only 5 to 10 per cent, 
as demonstrated in Figure 2. The Aminco-Bowman spectrophotofluorometer was used 
for all determinations, with an activating wave length of 410 my and the fluorescent 
wave length at 520 mu. The urine of newborn infants contains large amounts of dopa- 
mine (9), the immediate precursor of norepinephrine. Dopamine produces a weak 
fluorescence when ferricyanide is used for oxidation, but a stronger fluorescence when 
iodine is used (10). However, our values for the 24-hour excretion of catecholamines in 
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Fia. 2. The effect of pH on the formation of fluorescent derivatives of 
catecholamines. E =epinephrine; NE = norepinephrine. 


a group of normal young and adult controls are comparable to those meported by others 
using ferricyanide as the oxidant (1). 

As a means of studying the capacity of newborn infants to or parenterally 
administered catecholamines, epinephrine (Winthrop) was injected subcutaneously in 
4 fractional doses at fifteen-minute intervals. The total dose was varied in each infant 
by observing the induced physiologic effects by means of a Grass, six-channel poly- 
_ graph,’ the direct-current preamplifier of which was. used to monitor the respiratory rate 
and amplitude. The heart rate was monitored on a Fels cardiotachometer. Skin tempera- 
ture was also determined. Urine collections and catecholamine determinations were car- 
ried out as previously described. In none of the infants did severe physiologic changes 
occur with the doses of epinephrine used. 


8 Polygraph monitoring was performed under the guidance of Dr. Earle L. Lipton. 
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RESULTS 
Excretion of free catecholamines 
As shown in Table I, the excretion of norepinephrine varied from 0.57 to 
3.30 ug. per twenty-four hours, except in 1 infant from whose urine no nor- 
epinephrine was recovered. The corresponding values for epinephrine were 
0 to 0.77 ug. per twenty-four hours. The percentage of norepinephrine when 


TABLE 1. THE EXCRETION OF FREE NOREPINEPHRINE AND 
EPINEPHRINE BY NORMAL NEWBORN INFANTS 


Age (hours) at F Urinary excretion (ug./24 hrs.) 
start of urine Sex ( ) 
collection Norepinephrine Epinephrine 

5 M 41 1.50 0.27 

9 F 18 1.28 0.0 
93 F 72 0.73 0.11 
254 M 21 3.30 0.17 
284 M 110 2.52 0.73 
34 F 165 1.22 0.15 
344 M 51 1.23 0.42 
35} M 55 0.57 0.17 
363 F 25 0.85 0.24 
47 F 121 1.80 0.16 
47 F 165 1.41 0.22 
473 F 96 1.91 0.23 
48 F 110 1.07 0.13 
52 F 55 0.0 0.28 
57 F 65 1.03 0.09 
57 F 160 2.09 0.16 
583 F 97 1.00 0.20 
60 M 172 2.05 0.31 
70 M 162 1.94 0.76 
1134 F 230 1.38 
233 M 247 2:77 0.50 
Mean 1.51 0.29 
8.D. +40 +.20 


related to total catecholamines varied between 70.8 and 100 per cent, ex- 
cept for the 1 infant previously mentioned. There was no significant differ- 
ence between infants 1 to 2 days old and infants 3 to 9 days old, with re- 
spect to either absolute excretion or percentage excretion of norepinephrine 
or of epinephrine. 


Excretion of free epinephrine after parenteral administration 


From 0 to 1.8 per cent of the dose of subcutaneously injected epinephrine 
was recovered in the urine during the twenty-four hours following adminis- 
tration in the 7 newborn infants studied, as recorded in Table 2. Since it 
was not possible to use these infants as their own controls, the percentage 
was calculated by taking the mean excretion of epinephrine in the un- 
treated controls for the base-line value. Although this method of estimating 
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TABLE 2. RECOVERY IN URINE OF FREE EPINEPHRINE FOLLOWING SUB- 
CUTANEOUS INJECTION INTO NEWBORN INFANTS 


Urine Epinephrine Catecholamines 
Age Weight vol. Injected* excreted 
(hrs.) (Kg.) | (ml./24 
hrs.) creted per 
Bg. ug. /Kg. NE E 24 hrs. 
21 F 2.73 103 40 14.7 0.24 0.72 1.09 
26 M 2.96 35 70 23.7 0.13 0.24 0.0 
27 M 2.61 126 70 26.8 1.36 0.34 0.08 
44 F 3.29 110 120 36.5 1.31 0.60 0.26 
46 F 3.07 148 120 39.1 0.96 0.48 0.16 
56 M 3.12 88 90 22.3 0.92 0.94 0.73 
74 M 3.75 260 55 14.7 1.30 1.28 1.81 


Total dose, divided into 4 doses given at fifteen-minute intervals. 


percentage recoveries may not be exact, the significant feature of the data is 
the low percentage recovery of the injected dose regardless of the base-line 
value used. A preliminary communication of the foregoing results appeared 
in'1959 (11). 

DISCUSSION . 


Similar studies of catecholamine excretion in the newborn period were 
recently reported by Zeisel and Kuschke (12) ; their findings are in general 
agreement with ours. In their studies, the excretion of both amines tended 
to increase with age during the first week of postnatal life. The mean 24- 
hour excretions of norepinephrine and epinephrine were, respectively, 0.9 
and 0.12 yg. during the first two postnatal days, 1.77 and 0.2 yg. during the 
third and fourth days, and 2.2 and 0.37 yg. during the fifth and sixth post- 
natal days. When relating excretion of catecholamines to weight, they 
noted a similarity between newborn infants and adults. From their data 
and those reported in this communication, it would appear that placental 
transmission of catecholamines is probably of little significance to the phys- 
iology of the newborn. Indeed, we have been unable to recover any nor- 
epinephrine, epinephrine or dopamine from placental tissue by chromato- 
graphic or fluorescent techniques. 

The excretion of norepinephrine is a resultant of its formation by the 
adrenal medulla, extramedullary chromaffin tissue.and the autonomic nerv- 
ous system. Epinephrine, however, appears to be produced entirely by 
chromaffin tissue, either intra- or extramedullary in location. This concept 
is supported by the observations of other investigators, who found that 
very little, if any, epinephrine can be recovered from the urine of bilaterally 
adrenalectomized adult human subjects (13, 14). Thus the finding of free 
epinephrine in the urine of newborn infants would suggest that chromaffin 
tissue in the newborn is capable of epinephrine synthesis and secretion. 

Studies in adults have shown that only 0.5 to 2.0 per cent of the total 


\ 
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amount of epinephrine infused intravenously is recoverable in the urine (15, 
16). Our studies indicate that parenterally administered epinephrine is re- 
covered in the urine of newborn infants in a manner quantitatively similar 
to that in the adult. This suggests that the metabolism of catecholamines is 
both qualitatively and quantitatively similar in the newborn and in the 
adult. Since, however, free epinephrine represents such a small part of the 
metabolites of epinephrine, comparisons with total catecholamine metabo- 
lism must await further studies. 

The biologic significance of catecholamines has been enhanced by the elu- 
cidation of the role of norepinephrine as the principal adrenergic transmit- 
ter in the autonomic nervous system (1) and by recent studies of catechol- 
amines in cerebral tissue. It has been shown that norepinephrine is present 
in high concentrations in all parts of the central nervous system which con- 
tain the central representation of the sympathetic system, and exists in the 
brain in an uneven pattern that is not parallel with vascularity (17). Dopa- 
mine, the immediate precursor of norepinephrine, is present in highest con- 
centration in the corpus striatum (18). The uneven distribution of these 
active substances in cerebral tissue suggests that they have a role to play in 
the particular function of the regions where they are found in relative 
abundance. It is, therefore, of considerable importance to know from what 
sources and by what biosynthetic pathways the norepinephrine found in 
the urine of newborn infants is derived, arid whether abnormalities in the 
maturation of the autonomic nervous system, both central and peripheral, 

‘can be related to disturbed patterns of catecholamine metabolism. 


Addendum 


Von Studnitz (19) has recently studied the urinary excretion of 3-methoxy-4-hydroxy- 
mandelic acid (VMA) by normal newborn infants. This is an important metabolite of 
epinephrine and norepinephrine. The urinary concentration of VMA was higher on the 
first day of life than on later days. Apart from VMA and 5-hydroxyindolacetic acid, von 
Studnitz found that the urine of newborn infants contained almost no other diazo- 
positive material. 
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ABSTRACT 


The excretion of 17-hydroxycorticosteroids (17-OH-CS) extractable from 
urine with methylene dichloride both before and after incubation with 6-glu- 
curonidase was measured in a group of 9 newborn infants undergoing major 
surgery and in another group of 4 infants with hyperbilirubinemia who re- 
ceived single or multiple injections of adrencorticotropin (ACTH). In the in- 
fants operated upon during the first four days of life, there was no rise in corti- 
coid excretion in association with the operative procedure. Stimulation with 
ACTH in 1 of these infants resulted in an increased excretion of 17-OH-CS 
during the second week of life. In the infants operated upon after the first week 
of life, the operative procedure was associated with a rise in corticoid excretion 
similar to that seen in the adult and older child; excretion decreased in the days 
following surgery. In 1 of these infants, stimulation with ACTH induced an 
increase in the excretion of corticoids, but to a level no greater than that in- 
duced by surgery. Single or multiple injection of ACTH failed to increase 
urinary corticoid excretion in 4 infants with hyperbilirubinemia during the 
first week of life. In 1 of these infants there was a threefold rise in corticoid ex- 
cretion when the ACTH was again given during the second week of life. The low 
levels for urinary excretion of 17-OH-CS seen in the youngest infants may 
have been due to actual adrenal gland unresponsiveness or to differences in the 
rates and routes of metabolism of cortisol and its derivatives. 


URING the postoperative period in the adult there is usually a rise in 
the concentration of 17-hydroxycorticosteroids in plasma (1) and 
urine (2). Increases in the concentration of unconjugated 17-hydroxycorti- 
costeroids in the plasma of newborn infants following surgery or the admin- 
istration of adrenocorticotropin (ACTH) have been reported (3), but the 
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plasma levels have not been correlated with measurements of urinary ex- 
cretion of these compounds. The present report presents observations on 
the excretion of urinary 17-hydroxycorticosteroids by newborn infants 
after surgical procedures or the administration of ACTH. 


CLINICAL MATERIAL AND METHODS 


The control data represent values for urinary 17-hydroxycorticosteroids (17-OH-CS) 
as estimated by the Porter-Silber color reaction in 27 normal newborn infants free of 
obvious disease and jaundice. These have been the subject of a previous report (4). 
The data on the infants who underwent surgery consist of 17-OH-CS determinations on 
24-hour urine samples collected serially from 9 infants operated upon as follows: 5 dur- 
ing the first four days of life, 2 during the second week of life, 1 at the age of 16 days, and 
1 at the age of 1 month. The data on the infants receiving ACTH consist of 17-OH-CS 
determinations on 24-hour urine samples from 4 infants who had one or more exchange 
transfusions for hyperbilirubinemia. Protocols of all the cases are presented in the 
Appendix. 

Urine was collected, stored and processed as described in previous communications 
from this laboratory (4, 5). ‘Free’ steroids are designated as those extractable with 
methylene dichloride. Steroids ‘released by incubation” are designated as those ex- 
tractable with methylene dichloride only after incubation of the urine with acetate 
buffer at pH 4.5, beta-glucuronidase (333 units per ml. of urine) and penicillin (150,000 
units) for forty-eight hours at 37° C. Extraction with ethyl acetate was performed in 
2 cases, after prior complete extraction with methylene dichloride. The Porter-Silber 
reaction was utilized for quantitative estimation of 17-OH-CS and the results are ex- 
pressed as cortisol equivalents. In some samples, cortisol was determined by an isotope 
dilution method. 


RESULTS 
Control group 


The corrected mean values and the standard error of each for free and 
“released by incubation” corticosteroids for each of the first seven days of 
life are shown in Figure 1. 


Surgical group 
The values for the excretion of free and incubation-released 17-OH-CS 
and of cortisol are shown in Table 1 and Figures 2 and 3. 


960 
CONTROL 


a Fig. 1. Normal newborn infants. Cor- 
a , rected mean values and standard errors for 
the excretion of free plus ‘incubation re- 
leased’ 17-OH-corticosteroids for each of 
the first seven days of life. 


Doy of Life 
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TABLE 1. URINARY EXCRETION OF 17-HYDROXYCORTICOSTEROIDS IN INFANTS 
UNDERGOING SURGERY 
Urinary Porter-Silber chro- 
¥ 
Infant Age | Postop. mogens (ug./24 hrs.) cortisol R k 
No. (days) day (ug. /24 
F Incubation- Total hrs.) 
ree released ota 
1 4 0 45 121 166 —~ 
5 1 87 141 228 3.7 
6 2 110 161 271 76 
7 3 108 228 336 | less than 1 
8 4 60 407 467 | less than 1 
9 5 65 381 446 | less than 1 
10 6 51 565 617 | less than 1 
2 3 1 149 67 216 3.1 
4 2 49 298 347 4.6 
5 3 32 214 246 | less than 1 
6 4 6 210 216 | less than 1 
7 5 63 375 438 1.2 
8 6 63 383 446 Es 
9 7 83 710 793 2.5 
3 2-3 0-1 18 146 164 2.9 
4 2 — 50 . 50 |} less than 1 
5 3 — 77 77 | less than 1 
6 4 23 79 102 1 a 
7 5 43 83 126 1.6 
8 6 46 199 245 1.6 
9 7 305 468 773 — ACTH 
4 2 0 53 253 306 ae 
3 1 27 243 270 — 
4 56 279 335 
5 3 85 420 505 — 
6 4 9 315 324 = 
5 4 1, pre- 29 4 219 248 _ 
5 {0, pre- 15 141 162 aaa {10 hrs. preop. 
\0, post- 0 33 33 — 10 hrs. postop. 
6 1 25 165 190 — 
8 3 26 120 146 — 
6 7 183 1300 1485 
9 3 50 711 761 §.7 
10 4 117 654 771 4.8 
IE 5 72 822 894 | less than 1 
‘ 12 6 560 875 1435 163.5 ACTH 
yf 11 0 404 791 1195 109.5 
2 1 96 806 902 12.3 
13 2 71 121 191 2.6 
14 : 62 123 185 | less than 1 | Died 
8 39 0 265 2703 2968 a 
40 1 432 441 1.2 
41 Qe 44 1008 1052 a 
42 3 — 867 867 | less than 1 
44 a) 6 236 242 1.6 
45 6 24 84 108 | less than 1 
9 16 1 6 513 519 — 
Re 0 9 166 175 — 
18 1 42 341 383 --- 
19 2 47 737 784 — 
20 3 28 413 441 — 
21 4 16 470 486 a 
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2. 3. 4, 5. 
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Fig. 2. The excretion of free and “incubation released” 17-OH-corticosteroids by 
infants who underwent surgical procedures during the first four days of life. 


Infants 1-5. These 5 infants underwent major surgery during the first 
four days of life. The patterns of excretion of free plus released 17-OH-CS 


were within the limits of those observed in normal newborn infants. The 


2400 
6. A 8. 9. 
2160 F Exploratory Laparotomy T-E fistula 4 Patent ductus Pyloric stenosis 
Weight 3980 grams Weight 3960 grams eee Weight 4160 grams. Weight 3120 grams 
VA Free 17-OH corticosteroids 
I168OF 17-OH corticosteroids released by incubation 
actu 
Surgery 
1440 G V AVA Exchange transfusion 
1200 
960F 
‘ ie 
720 + A 
480F 
Th 
l2 40 42 44 16 18 20 


Doy of Life 


Fig. 3. The excretion of free and “incubation released” 17-OH-corticosteroids by infants 
who underwent surgical procedures after the first seven days of life. 
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rise, if any, on the day of surgery was very slight. All values were well 
within the range of normal during the period of study. The excretion of to- 
tal corticosteroids increased gradually during the first week of life; free cor- 
tisol contributed little to this total. In 2 of the infants (Nos. 4 and 5) 
the urine specimens were secondarily extracted with ethyl acetate. These 
data are presented in Table 2. The additional Porter-Silber reacting ma- 
terial recovered did not change the resultant pattern of response to surgery 
sufficiently to make it similar to that in the adult. 

Infants 6-9. These 4 infants were more than 7 days of age at the time of 
surgery. In contradistinction to the first group, 3 of this group demon- 
strated an increased excretion of total 17-OH-CS on the day of surgery, and 
1 (No. 9) on the second postoperative day. The response of Infant No. 9 
was the least striking; he also underwent the shortest operative procedure 
and one of lesser severity than did the other infants in this group. The rises 
in total 17-OH-CS excretion were accompanied by increases in the excre- 
tion of free cortisol. The ratio of free to incubation-released steroid showed 
considerable variation in this group, as in, normal infants, although it 
tended to be lower in Infants 6-9 than in Infants 1-5. 

Infant No. 6, on his twelfth day of life (five days after surgery) received 
25 units of ACTH. The urinary excretion of 17-OH-CS rose to a level as 
high as on the day of surgery. The excretion of free cortisol was also ele- 
vated following administration of ACTH. Infant No. 3 received 25 units of 

ACTH six days after surgery, when he was 9 days old. In this case the uri- 
nary excretion of 17-OH-CS was much greater following administration of 
ACTH than following surgery. . 


TABLE 2. CONTRIBUTION OF STEROIDS EXTRACTABLE ONLY WITH ETHYL ACETATE TO 
TOTAL EXCRETION OF URINARY 17-HYDROXYCORTICOSTEROIDS 


toes a Porter-Silber chromogens | Porter-Silber chromogens 
No : Age (days) extractable with methylene extractable with ethyl 
‘ dichloride (ug./24 hrs.) acetate (ug./24 hrs.) 
4 2 306 136 
3 270 85 
4 335 81 
5 505 51 
6 324 9 
5 4 248 69 
5 {(l4 hrs. preop.) 162 24 
(10 hrs. postop.) 33 18 
6 190 24 
8 146 59 
13 3 241 41 
4 (12 hrs. postop.) 346 63 
5 715 78 
6 740 59 
533 63 
8 2073 Specimen lost 
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TABLE 3. URINARY EXCRETION OF 17-HYDROXYCORTICOSTEROIDS IN INFANTS 
RECEIVING ACTH 


BE. rs. ortiso 
ant.) (ug. /24 Remarks 
Incubation-| To- hrs.) 
Free released tal 
10 10- 29 6 less than 1 6 2k Exchange transfusion at 
29- 53 15 43 58 —- age 7.5 hrs. 
53- 65 18 less than 1 18 5.1 ACTH, 10 units, at ages 
65- 77 27 108 135 | 16 29, 41 and 53 hrs. 
79-125 |specimens lost Exchange transfusion at 
125-136 9 57 66 6.1 age 62.5 hrs. 
136-160 3 65 68 2.9 
160-184 0 24 25 jless than 1 
184-208 mae: 42 45 2.2 
208-232 9 12 21 -- 
232-256 28 72 100 3.0 
11 0- 12 0 6 _ 6 |less than 1) Exchange transfusion at 
12- 36 3 174 177 |less than 1 ages 12 and 33 hrs. 
36- 60 15 120 135 — ACTH at age 41 hrs. 
60- 84 8 141 149 |less than 1) Exchange transfusion at 
84-108 30 12 149 2.8 age 49 hrs. 
108-132 14 65 79 |less than 1 
132-156 30 90 120]. 
156-180 17 459 476 2.8 
12 36-— 60 30 91 121 5.4 Exchange transfusion at 
60- 84 9 148 157 3.0 age 36 hrs. 
84-108 11 140 151 |less than 1 
108-132 6 134 140 2.0 ACTH at age 108 hrs. 
13 58-— 82 22 219 241 = Exchange transfusion at 
82- 94 48 298 346 — age 30 hrs. 
94-118 99 616 715 — ACTH at age 94 hrs. 
118-142 69 671 740 —- 
142-166 68 465 533 — 
166-190 99 1974 2073 
ACTH group 


The data for the excretion of free and incubation-released 17-OH-CS and 
of cortisol are given in Table 3 and Figure 4. Infant No. 10 received three 
10-unit doses of ACTH; Infants No. 11 and 12 each received a single injec- 
tion of 25 units of ACTH. In none of these 3 cases was there a rise in the ex- 
cretion of 17-OH-CS. Infant No. 13 received a single injection of 25 units of 
ACTH on the fifth day of life. Although the absolute values of urinary ster- 
oids on subsequent days were at the upper limit of the normal range, the 
hourly excretion following administration ACTH was no higher than that 
during the twelve hours preceding the injection. On the eighth day of life the 
infant was again given a single injection of 25 units of ACTH. There was a 
threefold rise in the excretion of corticoids during the next 24-hour period. 


DISCUSSION 


Reports of direct measurement of adrenocortical function following ad- 
ministration of ACTH or surgical stress in the first week of life are fragmen- 
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10 Wl 12 13 Z 
1920 F Erythroblostosis foetalis Erythroblastosis foetalis Familial spherocytosis Erythroblostosis foetalis 


Weight 2420 grams Weight 4200 grams Weight 3500 groms Weight 3480 grams 
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--, !7-OH corticosteroids extractable 
only with ethyl acetate 


1440} Free 17-OH corticosteroids 
.7-OH corticosteroids released 
by incubation 


ACTH 


Exchange transfusion 


/ Day 

<4 


vw 
7 


4 6 


Day of Life 


Fia. 4. The excretion of free and “incubation released”’ 17-OH-corticosteroids by infants 
with hyperbilirubinemia after exchange transfusions and stimulation by ACTH. 


‘tary. Read and associates (6) observed that in a 2-day-old infant the 
excretion of formaldehydogenic corticoids and of 17-ketosteroids was in- 
creased by ACTH to a lesser degree than when the same infant was re- 
stimulated at 9 days of age. Klein and Rovnanek (3) reported that the 
blood levels of free 17-OH-CS are increased in the newborn following ad- 
ministration of ACTH or surgery during the first week of life. Additional 
comparable studies are not available. 

Results of the present study indicated that in the infants who underwent 
surgery during the first four days of life the patterns of steroid excretion 
were very similar to those of a control group previously reported. There 
was no sharp rise of urinary Porter-Silber chromogens on the day of sur- 
gery, but rather, a gradual rise throughout the first week of life. In sharp 
contrast, the infants operated upon after the first week of life showed a sig- 
nificant rise of total 17-hydroxycorticoid excretion on the first or second 
surgical days; thereafter, the values gradually declined. In the older of 2 in- 
fants given ACTH, this stimulus on day 12 produced a rise no greater than 
that seen on the first postsurgical day (day 7); in the younger infant, 
ACTH on day 7 produced a greater rise than did surgery on day 1. The 
data obtained on the 4 infants with hyperbilirubinemia appeared to con- 
firm this lack of increase in excretion of urinary corticoids following admin- 
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istration of ACTH during tke first week of life. The data on Infant No. 13 
also suggest that a greater response was possible in the second week of life 
than in the first. 

The observations presented here are consistent with a concept of adrenal 
glands which are sluggish in their response to ACTH of both endogenous 
and exogenous origin. Since, however, Klein and Rovnanek noted a rise in 
the level of total Porter-Silber reacting material in the plasma after surgery 
and stimulation with ACTH, a second possibility must be considered. 
Their values may represent a measurement of both cortisol and its reduc- 
tion products, particularly if conjugation of the tetrahydro derivatives 
were impaired, as has been recently suggested (7). An abnormally pro- 
longed degradation rate of 17-OH-CS in plasma after injection of exogenous 
cortisol is indicated by the data of Bongiovanni et al. (8). If cortisol of endog- 
enous origin were metabolized similarly, only a relatively small increase in 
total adrenal gland output might induce-what would appear to be a grossly 
elevated concentration in the plasma. 

The apparent lack of increased excretion of 17-OH-CS following admin- 
istration of ACTH during the first week of life may be due entirely to dif- 
ferences in the routes of metabolism of cortisol during this period. The 
observation that relatively smaller fractions of an injected dose of cortisoi- 
4-C" are recovered by multiple organic solvent extraction procedures from 
the urine of newborn infants as com >«rea to adults (9) has been confirmed 
in our laboratory. The relatively larger percentage of highly hydroxylated 
compounds (6 6-hydroxycortisol and its reduced derivative) in the urine of 
newborn infants (5) constitutes additional evidence of a difference in the 
metabolic disposition of cortisol between infants and adults. It is possible, 
therefore, that the data presented here could represent the measurement of 
a quantitatively minor component of cortisol metabolites which did not 
change even though cortisol production by the adrenal cortex had in- 
creased. 

Until such time as the difference between cortisol metabolism in newborn 
infants and in adults has been further delineated, studies such as these can- 
not be used for comparisons of relative responsiveness of the adrenal gland 
in the different age groups. — 
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Infant No. 1. Female, born at 10:30 a.m. on Jan. 6, 1958. Admitted on Jan. 9, 1958 


and operated upon that day. Weight on admission, 3410 Gm. Operating 
time: 3 hours, 55 minutes. Anesthesia: cyclopropane and nitrous oxide. 
Procedure: primary repair of tracheo-esophageal fistula, and colostomy 
for imperforate anus. Postoperative course uneventful. 


Infant No. 2. Male, born at 3:45 a.m. on Jan. 13, 1958. Weight, 3400 Gm. Operated 


upon at 11 a.m. on Jan. 14, 1958. Operating time: 1 hour and 35 minutes. 
Anesthesia: cyclopropane and nitrous oxide. Procedure: “pull-through”’ 
for imperforate anus. Postoperative course uneventful. 


Infant No. 3. Male, born at 2:00 a.m. on June 7, 1958. Operated upon at 11:00 p.m. 


the same day. Weight, 3140 Gm. Operating time: 30 minutes. Anes- 
thesia: open drop vinethane. Procedure: membrane rupture for im- 
perforate anus. Postoperative course uneventful. Given ACTH, 25 units 
intramuscularly on June 15, 1958. 


Infant No. 4. Male, born at 5:45 a.m. on Sept. 17, 1958. Weight, 3500 Gm. Operated 


upon at 1 a.m. on Sept. 18, 1958. Operating time: 3 hours, 40 minutes. 
Anesthesia: cyclopropane and nitrous oxide. Procedure: resection of 
ileum for volvulus. Postoperative course uneventful. 


Infant No. 5. Male, born at 2:00 a.m. on Sept. 18, 1958. Admitted at 2 p.m. on 


Sept. 20. Weight, 2800 Gm. Operated upon at 2 p.m. on Sept. 22, 1958. 
Operating time: 4 hours, 30 minutes. Anesthesia: cyclopropane and 
nitrous oxide. Procedure: (for annular pancreas) duodenoduodenostomy. 
Postoperative course uneventful until Sept. 29, reobstruction. Infant 


died Oct.'18, 1958. 


Infant No. 6. Male, born Dee. 8, 1957. Admitted Dec. 13. Operation on Dec. 15, 


1957. Weight, 3980 Gm. Operating time: 1 hour, 35 minutes. Anes- 
thesia: cyclopropane and nitrous oxide. Procedure: Laparotomy, a 
hugely dilated colon with a normal small bowel was found. In the 
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ascending colon there was a serosal tear but no perforation. No area of 
obstruction was noted. Postoperative course uneventful, except for 
temperature to 104° F. on the day of surgery, probably secondary to 
elevated incubator temperature. Given ACTH, 25 units, intramuscularly 
on Dee. 21, 1957. 


. Female, born Feb. 5, 1958. Admitted on Feb. 15. Operated upon at 


11:00 p.m. on Feb. 15, 1958. Operating time: 3 hours. Anesthesia: cyclo- 
propane and nitrous oxide. Procedure: repair of tracheo-esophageal 
fistula. Edema developed on Feb. 16; treated with digitalis and mercapto- 
merin. Atelectasis of right lung noted on Dec. 17. Bronchopleural fistula 
demonstrated on Dec. 18. Died Dec. 18, 1958. Autopsy revealed intra- 
ventricular septal defect and bronchopleural fistula. 


. Male, born May 1, 1958. Diagnosis, ““Turner’s syndrome and patent 


ductus arteriosus.”’ Weight, 4160 Gm. Operated upon on June 8, 1958. 
Operating time: 2 hours, 30 minutes. Anesthesia: cyclopropane. 


. Male, born Nov. 29, 1957. Admitted Dec. 5. Weight, 3120 Gm. 


Operated upon on Dec. 7, 1957, Operating time: 1 hour. Anesthesia: 
cyclopropane and nitrous oxide. Procedure: pylorotomy. Postoperative 
course uneventful. 

Hyperbilirubinemia due to Rh sensitization. Exchange transfusions at 
7.5 hours and 62.5 hours of age. ACTH, 10 units, at 29, 41 and 53 hours 
of age. Female; weight, 2420 Gm. 

Hyperbilirubinemia due to Rh sensitization. Exchange transfusions at 
12, 33 and 49 hours of age. ACTH, 25 units, at 41 hours of age. Male; 
weight, 4200 Gm. 

Hyperbilirubinemia due to hereditary spherocytosis. Exchange trans- 
fusion at 36 hours of age. ACTH, 25 units, at 108 hours of age. Male, 
weight, 3500 Gm. 

Hyperbilirubinemia due to Rh sensitization. Exchange transfusion at 
29.5 hours of age. ACTH, 25 units, ein ted at 93.5 and 165.5 
hours of age. Female; weight, 3480 Gm. 
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STUDIES ON THE BIOLOGIC CHARACTERIZATION 
OF HUMAN GONADOTROPINS. VI. NATURE 
AND NUMBER OF GONADOTROPINS IN 
HUMAN PREGNANCY URINE* 


A. ALBERT, M.D. anp IONE DERNER 


Mayo Clinic and Mayo Foundation, Rochester, Minnesota 


ABSTRACT 


Assays of human chorionic gonadotropin (HCG, urine) were conducted by 
measuring the simultaneous response of the ovaries and uteri of immature in- 
tact female rats over a dose range of 0.1 to 30,000 I.u. per animal. Uterine 
stimulation began at 0.25 1.U., was maximal at 1.0 1.u. and remained maximal 
between 1.0 and 30,000 1.u. The shape of the curve denoting uterine response, 
as reported previously, was that of an autocatalytic curve. Ovarian growth was 
induced at about 5 1.v. and proceeded at a low slope until about 35 1.v. Ovarian 
weight increased, then ceased at a plateau of about 40 mg., between doses of 35 
and 840 1.u. After this, ovarian growth resumed at an accelerated pace. The 
shape of the ovarian response curve is thus diphasic. When the complete dose- 
response data were plotted in absolute coordinates, it was possible to compare 
HCG with human pituitary gonadotropin (HPG). The parameters of the dose- 
response of HCG are not the same as those of HPG. These results are favorable 
to the concept that HCG has intrinsic follicle-stimulating properties and are 
unfavorable to the concept that the human pituitary gland secretes gonado- 
tropin during pregnancy. 


HE biologic nature of human chorionic gonadotropin (HCG) in the 

urine of pregnant women remains somewhat uncertain despite the 
availability of highly purified preparations. Drescher (1) has reported 
chemical separation of HCG into follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) and consequently HCG could be considered as 
a mixture of these two hormones. However, the bulk of the evidence is that 
HCG is a separate hormone that is chemically distinct from either FSH or 
LH of pituitary tissue. 

Although HCG is predominantly luteinizing in nature, it is still possible 
that it might have some follicle-stimulating activity as an intrinsic prop- 
erty. Evidence bearing on this question has been published by Lyon and 
associates (2). These investigators tested concentrates of urine of pregnant 
women during gestation by injecting a fifth of the concentrate obtained 


Received March 2, 1960. 
* Aided by Grant A-1738, National Institutes of Health, United States Public Health 


Service. 


1225 


1226 A. ALBERT AND IONE DERNER Volume 20 


from samples collected over twenty-four hours into hypophysectomized 
rats. Follicle-stimulating activity of pregnancy urine was observed when 
the titer of HCG was high, particularly in early gestation. These results 
can be interpreted in several ways. As has just been pointed out, it is 
possible that high doses of HCG could have intrinsic follicle-stimulating 
activity. Since the dose of urine administered per rat was equivalent to 
the urine excreted in five hours, it is also possible that sufficient HPG 
was present to have induced follicle stimulation. If the first interpretation 
is correct, it would follow that HCG is the only gonadotropin found in the 
urine of pregnant women, the absence of HPG being attributed to the inhi- 
bition of the pituitary of the pregnant woman by the presence of large 
quantities of estrogen. If the second interpretation is correct, then the 
urine of pregnant women must be considered to contain a mixture of two 
gonadotropins, HCG and HPG. 

We have described a system for comparing the various gonadotropins by 
plotting their effects on the ovary and uterus in absolute coordinates (3-5). 
In one of these previous studies (4), it was shown that such plots of HPG 
and of low doses of HCG differ greatly. The present report is an extension 
of the study of HCG to cover a full range of doses, from 0.1 to 30,000 1.v. 
per animal, which is a 300,000-fold dose interval. It was hoped that such a 
study would furnish evidence bearing on the problem of the nature and 
number of gonadotropic hormones in the urine of pregnant women. 


MATERIAL AND METHODS 


HCG was obtained from commercial sources. Three preparations were studied: 1) 
Korotrin (Winthrop Laboratories, Rensselaer, N. Y.), 2) Follutein (E. R. Squibb and 
Sons, New York, N. Y.) and 3) A. P. L. (Ayerst Laboratories, New York, N. Y.). We 
are indebted to the directors of these firms for generous supplies of HCG. The potency 
stated by the manufacturer was accepted. In addition, a few tests were made with the 
International Standard Preparation of HCG. None of these HCG preparations is known 
to be contaminated purposely with HPG. The details of the assay procedure and the 
method of conversion of the results into absolute coordinates have been described pre- 


viously in detail (3-5). 


RESULTS 


_ Figure 1 shows the results obtained in more than 1600 animals. The ovar- 
ian responses to the 4 different preparations of HCG are distinguished by 
appropriate symbols, but for the sake of clarity of reproduction the uterine 
responses are not so distinguished. Uterine stimulation begins with a dose 
of about 0.25 1.u. and reaches a maximum with a dose of 1 1.v. (Fig. 1). The 
shape of the uterine curve, as pointed out previously, is that of an autocata- 
lytic curve. The uterine response remains maximal (120 to 180 mg., wet 
weight) over the remaining 30,000-fold increase in dose. Ovarian weight 
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does not increase until a dose of about 5 1.u. has been given. Ovarian 
growth proceeds between doses of 5 and 30 1.u., but with a low slope. A 
plateau in ovarian growth occurs with doses from 30 I.v. to about 1000 1.v. 
This is followed by another phase of ovarian growth at doses greater than 
1000 1.v. 

The results mentioned were compiled over a period of years and consist 
of a few single-point assays and many multiple-point assays, some of which 
consisted of 10 doses. For more definitive information, five more assays 
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Fig. 1. Response of ovaries and uteri to various doses of 4 preparations of HCG. 


were performed with A: P. L. The results are shown in Figure 2, each of the 

assays being distinguished by an appropriate symbol. The main points just 

described were confirmed. Ovarian growth starts at 5 1.u. and proceeds 

(A’) with a low slope of 34 until a dose of about 35 1. is attained. A plateau: 
is then reached at a mean level of 41 mg. ovarian weight (B’). This plateau 

occurs with doses from 35 to 840 1.u. Between 840 and 30,000 I.v., ovarian 

growth takes place at a more accelerated pace, the slope being 79 (C’). 

The values for slope (b) and precision (\) were calculated for each of the 
five assays and the mean values were determined. Conversion into absolute 
coordinates was then carried out. The dose at which ovarian growth first 
begins (the intercept of the ovarian curve [A’] at the control value of 12 mg. 
ovarian weight) was read off for each of the five curves. The mean value 
was 5 I.U. and was assigned a value of X. The dose in units at which curve 
A’ intercepted the plateau at 41 mg. ovarian weight was then determined. 
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Fig. 2. Five assays of HCG (A.P.L.)—three assays with 5 doses each, one assay 
with 11 doses, and one assay with 12 doses. 


The mean was 35 I.v., which, when divided by 5 1.v., fixed this dose at 7X. 
The same calculations were made for the intercept of °C’ at the plateau. 
This value was 840 1.v., which, when divided by 5 1.v., fixed this dose at 
168X. With three points fixed on the dose scale, the mean values for the 
slope of A’ and C’ were then used to complete the curve. This established 
the position of the curve on the response coordinate. The composite curve 
thus obtained is shown in Figure 3, which also contains a similar plot of 
HPG in exactly the same coordinates. 


COMMENT 


The response of the ovary and uterus of the rat to HCG has been de- 
scribed by Hamburger (6). His data show a continuous growth stimulation 
of the ovary at a low slope between about 0.3 and 1000 1.v., and then a 
sharp increase in the rate of growth between 1000 and 10,000 1.u. The dif- 
ference between these data and ours may be due to differences in technic. 
We have stated previously that although dose-response curves to various 
gonadotropins can be found in the literature, no two sets of data are exactly 
alike. Presumably, this is due to differences in source of rats and their ages 


; 
3 
| 
| 
: : 


September, 1960 GONADOTROPINS IN PREGNANCY URINE 1229 


and weights, differences in site of injection, number of injections per day, 
time of postmortem examination, and so forth, In any case, it is imperative 
in these comparative studies on gonadotropins to use a rigid system 
whereby all details of the assay are performed without even the slightest 
change. Because of the meticulous attention to these details, of the use of 
large numbers of animals, and of the willingness to perform sufficient repli- 
cations, we have been able to see relationships among gonadotropins that 
have escaped detection previously. Furthermore, it has been possible to ex- 
press the relationships quantitatively by plotting the dose-response curves 
in absolute coordinates. In effect, this applies the principle of the “common 
zero” to both dose and response, and when this is done, ‘‘fingerprints’’of 
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Fic, 3, Composite of the dose response of HPG and HCG in absolute coordinates. 
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gonadotropin appear. It is our belief that such biologic fingerprints have 
the same connotation for identification purposes as, for example, some 
chemical or physical methods have for steroids. 

All so-called fingerprints published to date for HPG, FSH and LH are dif- 
ferent. The fingerprint for HCG (Fig. 3) is also different from those for the 
3 aforementioned gonadotropins, and it provides evidence which bears on 
the problem of the nature and number of gonadotropic hormones in human 
pregnancy. If the urine of pregnant women contains mostly HCG but also a 
small amount of HPG, the injection of large amounts of gonadotropic con- 
centrate into animals would be expected to cause a drastic alteration in 
ovarian weight response. This statement is based on a study of the augmen- 
tation reaction. We found that HCG, when administered in constant pro- 
portion to HPG, changes the ovarian response of HPG from a linear func- 
tion of the log dose of HPG to a linear function of the dose of HPG with a 
marked increase in slope. Thus, at dose levels of commercial HCG (10,000 
I.U. or more) which represent the concentrate from a 24-hour specimen of 
pregnancy urine, the slope of the ovarian growth (C’) should be greater 
than that of HPG alone if HPG is present in pregnancy urine. However, it 
was found that the slope of C’ is less than that of HPG and, furthermore, 
that the ovarian response (C’) is still a linear function of the log dose. Un- 
less large doses of HCG inhibit the ovarian response to HPG or obliterate 
the augmentation reaction, this evidence alone makes it unlikely that the 
urine of pregnant women contains HPG. 

This interpretation is favored by some data gleaned from the report of 
Lyon and associates (2). Follicle-stimulating activity was not observed in 
the urine in the earliest stages of pregnancy (when the titer of HCG was 
about 100 1.u. per twenty-four hours). When the titer of HCG was at its 
peak in the first trimester, considerable follicle-stimulating activity was 
found, and when the titer of HCG fell during the last two trimesters of 
pregnancy, there was less follicle-stimulating activity. Since the amount of 
concentrate (one fifth of the 24-hour specimen) tested was the same at all 
phases of gestation, it follows that the follicle-stimulating activity paral- 
leled the titer of HCG. This finding suggests that follicle stimulation is an 
intrinsic property of HCG manifested only at high doses. If the alternative 

hypothesis (that pregnancy urine contains a mixture of HCG and HPG) is 
correct, it is difficult to explain the lack of follicle stimulation obtained with 
early pregnancy urine. One would expect HPG to be present shortly after 
fertilization and to be inhibited throughout the later stages of pregnancy, 
not the reverse. Hamburger (6) alse regarded as “not very probable” the 
concept that the abrupt rise in ovarian weight with high doses of HCG rep- 
resented a contamination of HCG with hypophyseal gonadotropin, that is, 
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HPG. His reason was that ‘‘the rise appears in about the same place in the 
curve in spite of the fact that the gonadotropin [HCG]! may be derived 
from the urine of pregnant women, from patients with testicular tumors or 
from cases or chorionepithelioma.” 

Our interpretation therefore agrees with that of Hamburger, but it must 
be said that it is derived only on physiologic grounds. It is at variance with 
reports in which it is claimed, on chemical grounds, that HPG is present in 
the urine of pregnant women [Vignes and associates (7); Crooke and asso- 
ciates (8, 9) |. The British workers reported on the excretion of FSH by 
pregnant women. They stated that “benzoic acid extracts about 80 per cent 
of the HCG from the urine of pregnant women, but less than 10 per cent of 
the FSH from the urine of women after the menopause.” They, therefore, 
extracted HCG from the urine of pregnant women with benzoic acid and 
then treated the same urine with kaolin to remove the FSH. The extracted 
FSH was tested in mice by the ovarian augmentation method by adding 40 
1.u. of HCG per animal. In their preliminary paper, British workers per- 
formed six FSH assays on the urine of a patient between 70 and 120 days of 
pregnancy. They stated that “it appears that the excretion of FSH rises in 
the early months of pregnancy and falls later, like HCG.” This statement 
is unusual in that a comparison is made between 6 FSH determinations 
over a 50-day span of pregnancy in one patient and the known excretion of 
HCG, which, from the world’s literature, is now based on thousands of de- 

_terminations made on hundreds of pregnant women over the entire gesta- 
tion span. In their next paper, they reported on 52 determinations of FSH 
performed on the urine of 6 pregnant women between 50 and 280 days of 
pregnancy. Of the 52 tests, 11 gave negative results. In the remaining 41 
positive assays “‘there appeared to be no consistent pattern comparable 
with the peak in excretion of HCG which occurs in the first trimester. . . .”’ 
This is at variance with the data of Lyon and associates (2). Therefore, it 
seems appropriate to examine both the methods of preparing the FSH ex- 
tracts from pregnancy urine and the methods of assay for FSH. 

The method used by Lyon and co-workers is above criticism. They used 
an alcoholic precipitate of a 24-hour specimen of pregnancy urine and did 
not attempt chemical separation. The assay method for FSH was the origi- 
nal method by which FSH activity is defined. The methods used by Crooke 
and Butt (9), however, raise some questions. Their statement regarding 
the use of benzoic acid and kaolin is incomplete and, as a consequence, an 
important control has been omitted in their work. It is well known that 
kaolin will extract the FSH present in urine, but kaolin also will extract the 


1 Letters in brackets inserted by us, to avoid confusion as to which gonadotropin is 
being discussed. 
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remaining 20 per cent of the HCG left over after preliminary extraction 
with benzoic acid. Thus, when applied to urine excreted in twenty-four 
hours and containing, say, 450,000 1.v. at the peak excretion or as much as 
45,000 1.v. in the last two thirds of pregnancy, the kaolin extract may con- 
tain 20 per cent of the HCG, which is still a copious amount—from a maxi- 
mum of 9000 to 90,000 1.u. Their data (Fig. 3, page 299) show a 480 ml. 
equivalent of urine being injected as the high dose level, which is about a 
third of the urine excreted over twenty-four hours, or 3000 to 30,000 1.v. of 
HCG per animal in their FSH tests. The low doses listed were 140, 160 and 
200 ml. of urine. These doses roughly represent about a tenth of the urine 
excreted in twenty-four hours and would contain between 900 and 9000 1.v. 
per animal. It is interesting that this order of magnitude of HCG approxi- 
mates the doses of commercial HCG used in the present study. These doses 
cause ovarian growth in rats (C’). ; 

It is also of interest that to these large doses of HCG already present in 
the kaolin extract are added 40 1.v. of HCG for the augmentation reaction! 
The presence of large amounts of HCG in the extract which is to be tested 
for FSH by the augmentation reaction certainly demands an appropriate 
control, which is the injection of an equivalent amount of HCG alone. This 
could have been done by using benzoic-acid extract. If the benzoic-acid 
HCG at doses comparable to the HCG in the kaolin extract caused a large 
increase in ovarian weight in mice, then the results with the augmentation 
reaction could not be taken to indicate the presence of any FSH. The use of 
the augmentation reaction to detect FSH in the presence of enormous 
amounts of HCG would therefore not be valid. If the latter proved correct, 
it would appear more likely that the follicle-stimulating effect of large 
amounts of HCG is an intrinsic property of HCG. 


REFERENCES 


1. DrescueER, J.: Die Isolierung der follikelstimulierenden Verbindung aus dem Chori- 
ongonadotropin, Acta endocrinol. 15: 325 (Apr.) 1954. 

2. Lyons, R. A.; Simpson, M. E., and Evans, H. M.: Qualitative changes in urinary 
gonadotrophins in human pregnancy during the period of rapid increase in hormone 
titer, Endocrinology 53: 674 (Dec.) 1953. 

3. AtBert, A.; Ke.ty, S., and Kost, J.: Studies on the biologic characterization of hu- 
man gonadotropins. I. Human pituitary gonadotropin from urine of normal men, and 
postmenopausal and castrated women, J. Clin. Endocrinol. & Metab. 18: 843 (Aug.) 
1958. 

4. AtBert, A., and Ke ty, Studies on the biologic characterization of human 
gonadotropins. II. Comparison of human pituitary gonadotropin (urine) and human 
chorionic gonadotropin (urine), J. Clin. Endocrinol. & Metab. 18: 1067 (Oct.) 1958. 

5. AtBert, A., and Ketty, S.: Studies on the biologic characterization of human 
gonadotropins. III. Comparison with sheep follicle-stimulating hormone, J. Clin. 
Endocrinol. & Metab. 18: 1216 (Nov.) 1958. 


Ld 


September, 1960 GONADOTROPINS IN PREGNANCY URINE 1233 


6. HamBurGerR, C.: Gonadotropins, in Emmens, C. W.: Hormone Assay. New York, 
Academic Press Inc., 1950, 556 pp. 

7. Vienes, P.; Rosey, M., and Srmonnet, H.: Recherches sur le dosage des gonado- 
trophines. I. Séparation par chromatographie de deux principes gonadotropes dans 
lurine de femme enceinte, Bull. Soc. chim. biol. 36: 1163, 1954. 

8. Crookg, A. C.; Burr, W. R.; INeram, J. D., and Rounp, B. P.: Follicle-stimulating 
hormone in the urine of pregnant women, in Hormone Production in Endocrine 
Tumours. Ciba Foundation Colloquia on Endocrinology, Vol. 12. Boston; Little, 
Brown and Company, 1958, pp. 208-212. 

9. Crooxe, A. C., and Burt, W. R.: The excretion of follicle stiinelatitig hormone by 
pregnant women, J. Obst. & Gynaec. Brit. Emp. 66: 297 (Apr.) 1959. 


STUDIES WITH AN ADRENAL INHIBITOR 
IN ADRENAL CARCINOMA* 
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ABSTRACT 


The production of steroids in a case of widely disseminated adrenal carci- 
noma was studied, with SU-4885. There was a striking decrease of both Ci»- 
and C.)-11-oxygenated steroids in the urine with a concomitant increase in the 
corresponding 11-deoxy derivatives. The results support the view that the 
tumor and its metastases were responsive to ACTH and that there was in- 
creased steroid production during treatment with SU-4885. The isolation and 
characterization by partial synthesis of pregnane-3a,17a,20a,21-tetrol and its 
208 epimer (reduced derivatives of Reichstein’s substance S) are reported. The 
isolation of pregnane-3a,118,17a,20a-tetrol but not of 11-ketopregnane-3a,17a, 
20a-triol from the urine of a patient with adrenal carcinoma is noted. 


HERE are now available several materials which can influence the 

nature and amount of the steroids produced by the adrenal glands. 
One of the more recent of these is 2-methyl-1,2-bis-(3-pyridyl)-1-propa- 
none, or SU-4885, which inhibits the enzymatic system responsible for 118- 
hydroxylation of steroids (1-4). We have recently had the opportunity to 
study the steroid metabolism of a patient with a widely disseminated 
adrenocortical carcinoma, before and during treatment with this com- 
pound. Because of the amount and variety of steroid metabolites present in 
the urine of this patient, there was an excellent opportunity for detailed ex- 
amination of the effects of the drug. 


SUBJECT AND METHODS 


Subject 

G.G., a 30-year-old white woman with previously diagnosed Cushing’s syndrome was 
admitted to Memorial Center on July 31, 1958 complaining of profound weakness. Her 
illness dated from June 1957, when hypertension, proteinuria and pedal edema were 
discovered during the patient’s fifth pregnancy. These findings disappeared with the 
delivery of a normal full-term infant in August 1957. In November 1957, the patient 
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complained of a 20-pound weight gain, a “rounded” face and pedal edema. Examination 
at that time demonstrated recurrence of the proteinuria and hypertension. A diagnosis 
of ‘‘kidney trouble” was made, and therapy with prednisone was instituted. This medi- 
cation was continued until January 1958, at which time she was hospitalized with lobar 
pneumonia. 

Upon recovery from the pneumonitis, the prednisone therapy was discontinued. The 
presence of emotional lability and moon facies was related to the preceding steroid 
therapy, but failure of these symptoms to regress after prednisone withdrawal led to a 
diagnosis of adrenocortical hyperfunction. An excretory urogram revealed a mass adja- 
cent to the superior pole of the left kidney. In April 1958, surgical exploration of the left 
adrenal gland revealed an encapsulated yellow tumor weighing 450 Gm., which was 
removed. Microscopic examination of sections led to the diagnosis of adrenocortical 
carcinoma. Following extirpation of the tumor, there was prompt regression of the 
Cushing’s syndrome. In July 1958, signs and symptoms of adrenocortical hyperfunction 
returned. 

Physical examination. The patient’s appearance was classically ‘“Cushingoid” with a 
rotund, plethoric face, centripetal obesity, and a cervicodorsal fat pad. Blood pressure 
was 158/108 mm. Hg. Acneform lesions were present over the face, anterior chest and 
breasts. Cutaneous veins were strikingly prominent and blue striae were present on the 
buttocks and thighs. There was dullness and an absence of breath sounds at the right 
pulmonary base. The liver was enlarged to 11 cm. below the right costal margin in the 
midclavicular line, and was hard and nodular. No significant muscle weakness was evi- 
dent, despite the obvious wasting and flabbiness of the thigh and calf muscles. 

Laboratory findings. The serum potassium level was 2.4 mEq. per liter, sodium 144.0 
mq. per Jiter, chloride 83.0 mEq. per liter, and plasma carbon dioxide 49 mEq. per liter; 
serum pH, 7.57; concentration of fasting blood sugar 129 mg. per 100 ml., serum protein- 
bound iodine 4.3 ug. per 100 ml., hemoglobin 12.9 Gm. per 100 ml., hematocrit 40 per cent, 

‘leukocyte count 4,300 per cu. mm. with 4 per cent lymphocytes, and eosinophil count 

18 per cu. mm. Urine specific gravity was 1.008 and the urine was alkaline to litmus. The 
titer of urinary gonadotropins was negative for 6.5 m.u. The 24-hour excretion of 17- 
hydroxycorticoids was 114 mg., and of 17-ketosteroids, 74 mg. The concentration of 
serum 17-hydroxycorticoids was 49.1 ug. per 100 ml. The electrocardiogram showed low 
T waves and prominent U waves. 

Treatment and course. The hypokaliemia and alkalosis were corrected with potassium 
chloride. On the ninth through the fourteenth hospital day the patient received SU-4885, 
2 Gm. daily by mouth for the first three-day period, and 4 Gm. daily for the second three- 

. day period. During administration of this compound there was a clear-cut lowering of 
the fasting blood sugar level. No alteration in hepatic size or function was detected and 
blood pressure, electrolyte pattern and the patient’s general status remained unchanged. 

The patient died of bronchopneumonia on the fortieth hospital day. Postmortem 
examination revealed a massively enlarged liver filled with tumor nodules. Apart from 
some retroperitoneal nodes, no other sites of metastatic spread were found. It is of in- 
terest that the right adrenal gland weighed 6 Gm. and was unremarkable histologically. 


Methods 


The control urine collection was obtained from August 4 to 8, 1958, and was complete 
as judged from the constancy of the daily creatinine content. The collection during the 
SU-4885 period was obtained from August 11 to 13, after the patient had been treated 
with 2 Gm. per day of the drug from August 9, 1958. The individual 24-hour specimens 
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were combined for each interval and were treated with beef liver 6-glucuronidase! at 
pH 5 for five days at 37° C. At the end of incubation the material was adjusted to pH 1 
and subjected to extraction continuously with ether for forty-eight hours. The ether- 
soluble neutral fraction was separated and the alkali-soluble material was combined 
with the extracted urine. This latter mixture, after neutralization, was acidified to 1 N 
with sulfuric acid and again subjected to extraction continuously with ether for forty- 
eight hours. The neutral ether-soluble fraction from this extract was separated. A por- 
tion of each of the neutral ether-soluble extracts was separately ;:\rocessed into ketonic 
and nonketonic fractions by means of Girard’s reagent T. The ketcnic fraction obtained 
from the neutral steroid extract after the urine had been acidified to 1 N with sulfuric 
acid was further separated into a and 6 ketosteroid subfractions by means of digitonin. 
These methods have been described in detail (5). The separate subfractions were chro- 
matographed on paper in systems described subsequently. The individual steroids after 
elution from the paper ,were measured quantitatively by appropriate color reactions or 
by enzymatic analysis, 7.e., 17-ketosteroids by the modified micro-Zimmermann reac- 
tion (6); reducing ketols by the method of Weichselbaum, Margraf and Mack (7); 3a- 
hydroxysteroids such as the cortols, cortolones and pregnanetriol, by the method of 
Hurlock and Talalay (8) using a-hydroxysteroid dehydrogenase prepared from Pseu- 
domonas testosteroni and measuring the formation of diphosphopyridine nucleotide 
(DPNH) at 340 my; 6-hydroxysteroid dehydrogenase was used for A*-pregnene-38,17a, 
20a-triol. When necessary, the identity of the steroids eluted from the chromatograms 
was established by infrared spectrometry, usually by examination of the acetate of the 
compound in question, in solution in carbon disulfide or chloroform, and comparison 
of the spectrum with a reference standard (9, 10). The values obtained by the color re- 
actions were corrected to milligram equivalents of the compound isolated and analyzed. 

The values reported for compounds other than 17-ketosteroids were obtained from 
the unfractionated crude neutrai steroid extract after enzymatic hydrolysis; because of 
numerous artifacts present and attendant difficulties of separation, identification and 
interpretation, the extract obtained from the urine acidified to 1 N was examined only 
for 17-ketosteroids, particularly dehydroisoandrosterone. 

Chromatography of these neutral steroid extracts was performed on Whatman No. 1 
paper, with sheets measuring 7 X48 inches and a cylindrical tank with a height of ap- 
proximately 4 feet. The following systems were used for the separation of indicated 
compounds: 

System A: Benzene:methanol:water:ethyl acetate (1:1:1:0.1), for separation of 
pentahydroxy-, tetrahydroxymonoketo-, tetrahydroxy- and trihydroxydiketo-C. ster- 
oids by chromatography for thirty-two hours at 25° C. 

System B: Toluene:isooctane: methanol: water (3:1:4:1), for twenty-four hours for 
separation of trinydroxymonoketo-, trihydroxy- and dihydroxydiketo-C»; steroids; and 
for four hours for dihydroxy-C2; and Cy, steroids. 

System C: Toluene:isooctane: methanol: water (1:3:3: 1), for ninety-two hours for 
separation of dihydroxymonoketo- and hydroxydiketo-C1y steroids. 

System D: Isooctane : methanol: water (1:1:0.1), for twenty hours on paper measuring 
7 X22 inches for monohydroxymonoketo-C 1g steroids. 


1 8-Glucuronidase, known as Ketodase, was obtained from the Warner-Chilcott 
Laboratories, a division of Warner-Lambert Pharmaceutical Company, New York, 
N. Y. 
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ISOLATION AND CHARACTERIZATION OF CERTAIN STEROID DERIVATIVES 
Pregnane-3a,17a,208,21-tetrol 


This compound was prepared by the reduction of 3a,21-diacetoxy-17a- 
hydroxypregnane-20-one with lithium aluminum hydride. A small portion 
of the crude pregnanetetrol was chromatographed on Whatman No. 1 
paper in System A for twenty-four hours. Two spots were obtained on 
staining with phosphomolybdic acid. The less polar material (28-29 inches 
from the origin) was the principal reaction product and the more polar ma- 
terial (26-27 inches from origin) was present in only trace amount. The 
former was assumed to be the 208-hydroxy epimer and the latter the 20a- 
hydroxy epimer from knowledge of analogous reduction with lithium alumi- 
num hydride of dihydroxyacetone side-chain steroids. The relative mobili- 
ties of other C-20 epimeric glycerol side-chain steroids supported this con- 
clusion. Recrystallizations of the crude reduction product from methanol- 
ethyl acetate afforded pregnane-3a,17a,208,21-tetrol, m.p. 217.5-218.5°; 
[a]p%+37.7° (ethanol). 

Analysis: Calculated, for C, 71.55; H, 10.29. 
Found: C, 71.09; H, 10.24. 


Paper chromatography showed only one spot at 28-29 inches from the ori- 
gin in System A for twenty-four hours. Oxidation with periodic acid af- 
forded etiocholanolone, as evidenced by mobility on paper. Acetylation 
with acetic anhydride and pyridine at room temperature afforded preg- 
nane-3a,17a,208,21-tetrol 3,20,21-triacetate, m.p. 147—150°; [a]p*°+73.9° 
(chl.). 


Pregnane-3a,17a,20a,21-tetrol 


This compound was prepared from 3a,21-diacetoxy-17a-hydroxypreg- 
nane-20-one by the method previously described for the synthesis of corto- 
lone from 3a,21-diacetoxy-17a-hydroxypregnane-11,20-dione (11). The 
catalytic hydrogenation of 3a,21-diacetoxy-17a-hydroxypregnane-20-one in 
acetic acid with Adam’s catalyst was assumed to yield principally the 206- 
hydroxy epimer, pregnane-3a,17a,208,21-tetrol 3,21-diacetate, m.p. 170— 
172°; [a]p%+3.5° (chl.). 

. Analysis: Calculated, for C, 68.78; H, 9.28. 
Found: C, 68.76; H, 9.18. 


The p-toluenesulfonate ester of the C-20 hydroxy group was then prepared 
with p-toluenesulfonyl chloride in pyridine solution. The product had an 
m.p. 120-121° (dec.) ; [a]n%+64.8° (chl.). 
Analysis: Calculated, for C32HiO038: C, 65.06; H, 7.67. 
Found: C, 65.04; H, 7.84. 
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The 17a-hydroxy group was acetylated with acetic anhydride, acetic acid 
and p-toluenesulfonic acid and the product without isolation was sub- 
jected to acetolysis in acetic acid and potassium acetate. The reaction 
product was chromatographed on alumina. Elution with benzene afforded 
pregnane-3a,17a,20a,21-tetrol 3,20,21-triacetate. Recrystallizations from 
ethyl acetate and ethanol yielded the analytical seca m.p. 169.5—171°; 
[a]p%—7.7° (chl.). 
Analysis: Calculated, for C27HwO;: C, 67.75; H, 8.85. 
Found: C, 67.64; H, 8.65. 


Hydrolysis with alkali yielded pregnane-3a,17a,20a,21-tetrol which had a 
double m.p., 251-253.5° and 257—258°; [a]p%+9.1° (ethanol). 


Analysis: Calculated, for C2H3O.: C, 71.55; H, 10.29. 
Found: C, 71.79; H, 10.21. 


The tetrol moved 26-27 inches from the origin as a single spot upon 
chromatography on paper in System A for twenty-four hours. 

The catalytic reduction of 3a,21-diacetoxy-17a-hydroxypregnane-20- 
one afforded 2 isomeric side-products in addition to the desired pregnane- 
3a,17a,208,21-tetrol 3,21-diacetate. One of the compounds was a product 
of acetyl migration, pregnane-3a,17a,208,21-tetrol 3,20-diacetate, m.p. 
145-148.5°; [a]p%+11.0° (chl.). 

Analysis: Calculated, for C2s;H40O.: C, 68.78; H, 9.24. 
Found: C, 68.44; H, 9.17. 


Acetylation of this isomer afforded the 3,20,21-triacetate identical in all 
respects with pregnane-3a,17a,206,21-tetrol 3,20,21-triacetate. The other 
side-product obtained in about 10 per cent yield was a tetrol diacetate 
epimeric at C-20, pregnane-3a,17a,20a,21-tetrol 3, ai-dinoctate, m.p. 
185-187°; [a]p*%+8.4 (chl.). 
Analysis: Calculated, for C2sHs00.: C, 68.78; H, 9.24. 
Found: C, 68.77; H, 9.24. 


Acetylation yielded pregnane-3a,17a,20a,21-tetrol-3,20,21-triacetate. 


DISCUSSION 


Steroid production before treatment (control period) 


The number of hormones and the amount of each produced by this 
metastatic carcinoma was truly remarkable. The metabolites recorded in 
Tables 1, 2, and 3 represent a minimum of 10 hormones, of which hydro- 
cortisone was quantitatively the most significant. The metabolites of this 
substance alone (including unchanged hormone) totaled 70 mg. per day. 
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TaBLE 1. Errect or SU-4885 ON THE METABOLITES OF HYDROCORTISONE AND 
REICHSTEINS’ SUBSTANCE 


Urinary excretion (mg./24 hrs.) 
Metabolites 
Control period | SU-4885 period 
Of hydrocortisone 

Hydrocortisone 3.3 _ 
Cortisone 1.3 — 
3a,118,17a,21-Tetrahydroxypregnane-20-one (THF) 25.7 4.2 
3a,17a,21-Trihydroxypregnane-11,20-dione (THE) 12.3 2.0 
3a,118,17a,21-Tetrahydroxyallopregnane-20-one 2.7 
Cortolones (a+ 8) 6.6 4.3 
Cortol 2.4 
B Cortol 2.7 0.9 
3a,118-Dihydroxyetiocholane-17-one 8.9 2.7 
3a-Hydroxyetiocholane-11,17-dione 4.6 1.8 

Total 70.6 17.0 

Net decrease 53.6 

Of Substance S 

3a,17a,21-Trihydroxypregnane-20-one (tetrahydro S) 9.8 64.0 
Pregnane-3a,17a,20a,21-tetrol 9.4* 
Pregnane-3a,17a,208,21-tetrol 

Total 77.1 

Net increase 63.6 


* Semiquantitative estimates because of contamination with other metabolites. The 2 
isomers of pregnane-3a,17a20,21-tetrol were obtained in crystalline form and directly com- 
pared with synthetic products. 


In tracer studies with normal human subjects after the administration of 
hydrocortisone-4-C" the recovery of these metabolites has been about 70 

to 90 per cent of the amount of radioactivity found in the neutral steroid 
extract of urine (12); the latter corresponds generally to between 50 and 

60 per cent of the dose. Therefore, the minimal production of hydro- é | 
cortisone by this neoplasm must have been 130 mg. per day—at least six | 
times the estimated maximal production of a normal person. The adrenal | 


TaBLeE 2. Errect or SU-4885 ON THREE 17-KETOSTEROID METABOLITES 


Urinary excretion (mg./24 hrs.) 


Control period | SU-4885 period 


17-Ketosteroid metabolites 


11-Oxysteroid 


118-Hydroxyandrosterone 12.9 4.2 

Net decrease 8.7 
11-Deoxysteroids 

3a-Hydroxyandrostane-17-one (androsterone) 4.6 9.9 

3a-Hydroxyetiocholane-17-one (etiocholanolone) 10.8 17.4 

Total 15.4 27.8 

Net increase : 11.9 


| 
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TaBLeE 3. Errect or SU-4885 ON OTHER METABOLITES 


Urinary excretion (mg./24 hrs.) 
Metabolites 
Control period | SU-4885 period 

Dehydroisoandrosterone 14.9 21.6 
7-Ketodehydroisoandrosterone 3.1 1.6 
A’-Pregnene-38,17a,20a-triol 3.3* 7.8* 
A’-Pregnene-38, 17a,208-triol 2.0* 2.8* 
Pregnane-3a, 17a,20a-triol 4.1* 4.9* 
Aldosterone 20-25t 35-50t 
3a,118,21-Trihydroxypregnane-20-one (tetrahydro B) 3.6 
3a,21-Dihydroxypregnane-11,20-dione (tetrahydro A) 2.1 - 
Corticosterone +t 
3,20-Diketo-A‘-pregnene-17a,21-diol + + 
Pregnane-3a, 116,17a,20a-tetrol + 
3a,17a-Dihydroxypregnane-20-one + 
38,118-Dihydroxyandrostane-17-one + + 
+ + 
3a-Hydroxyandrostane-11,17-dione + 
36-Hydroxyetiocholane-17-one + + 


* Semiquantitative estimates because of contamination with other metabolites. 
+ Micrograms per 24 hours. 


t The compounds for which no analytical values are given were identified qualitatively 
beyond reasonable doubt by the respective mobilities, by rechromatography of the acetates 
and by infrared spectrometric analysis. 
androgen, as characterized by androsterone and etiocholanolone, yielded 
more than 15 mg. of metabolites per day. In terms of testosterone or 
A‘-androstene-3,17-dione, this quantity is estimated to represent about 25 
mg. of the total daily androgen production. Average normal values for this 
component of the adrenal secretion cannot be given with certainty be- 
cause of the diminution with age. However, the amount of hormone es- 
timated is at least five times that in a woman of comparable age. Dehydro- 
isoandrosterone production was eight to fifteen times that of a normal 
subject but considerably less than in many other adrenocortical car- 
cinomas that have been reported. Aldosterone secretion was clearly ele- 
vated but was not at the level frequently seen in cases of primary aldo- 
steronism due to a tumor. 

The urinary end-product, 118-hydroxyandrosterone, is the chief metab- 
olite of 116-hydroxy-A‘-androstene-3,17-dione (13). The amount of this 
metabolite present was almost 13 mg. This corresponds to a minimum 
production of 20 mg. of hormone per day, or approximately ten times the 


normal level. From the relatively small amount of “tetrahydro A’ and 
“tetrahydro B” present, it would appear that corticosterone was not a 
major secretory product of the tumor, but this must be a tentative con- 
clusion because of the gaps in our knowledge of the metabolism of that 
hormone. 

It is clear, nevertheless, that all components of the adrenal secretion 
were greatly elevated as result of this carcinoma. Particularly noteworthy 
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is the relatively large amount of the metabolite ‘‘tetrahydro S” and its 
further reduction products, the isomeric pregnanetetrols, the synthesis of 
which is described in this report. ““Tetrahydro 8” is found in large amounts 
in the urine of patients with adrenal carcinoma (14, 15) and in amounts of 
less than 1 mg. per day in normal subjects (14), although after three days 
of intravenous infusion of ACTH the amount can be increased to about 10 
mg. per day. The excretion of this metabolite during the control period 
without treatment is pertinent because of the pronounced increase that 
was apparent when the drug was administered. 

The metabolites, pregnane-3a,118,17a,20a-tetrol and its epimer at 
C-20, have special significance. These undoubtedly represent end-products 
of the metabolism of 21-deoxyhydrocortisone, since it has been shown that 
the 21-hydroxy] group is not eliminated from hydrocortisone in the course 
of its metabolic transformation (16). These metabolites, and in particular 
the 11-keto analog, are prominent in the urine of patients with one type of 
congenital adrenal hyperplasia (17, 18). It has been reported that 11- 
ketopregnane-3a,17a,20a-triol was absent in the few examples of adreno- 
cortical carcinoma studied (19, 20). In view of the unusually large steroid 
production by this tumor, and the fact that normal biosynthetic pathways 
may be partly deranged in the metastatic cells, it would not be unreason- 
able to find small quantities of these metabolites of an “incomplete” hydro- 
cortisone molecule. The estimates of the amount present are unreliable 
because the separation from other steroids of similar polarity required re- 
peated chromatography with sensible material losses. The fact that 11- 
ketopregnane-3a,17a,20a-triol could not be detected is of some interest. 
This may have been in part due to technical difficulties, but the fact that 
the 116-hydroxy metabolites were identified during both periods would 
indicate that the 11-keto analog would have been found, if present, in 
comparable amount. There was clearly less precursor hormone produced 
by the carcinoma and its metastases than in the one example of congenital 
adrenal hyperplasia reported from these laboratories (17). 

The metabolite A®-pregnene-38,17a,20a-triol is of interest as an illustra- 
tion of the fact that in a carcinoma (21) and, at least to a limited extent, 
in normal people (20, 22) hydroxylation at C-17 can be achieved in vivo 
with a compound that lacks the A‘ unsaturated 3-ketone system charac- 
teristic of the usual steroid hormones. Whether this product is biosyn- 
thetically related to dehydroisoandrosterone is unclear at present. 


Steroid production during administration of SU-4885 


As evident in Table 1, during administration of the drug there was a 
striking decrease of all the 11-oxygenated steroids examined. On a per- 
centage basis, the response appeared proportionate for at least 2 hormones, 


| | 
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that is the metabolites of both hydrocortisone and 118-hydroxy-A‘- 
androstene-3,17-dione, which decreased to somewhat less than 30 per 
cent of the control values. Corticosterone metabolites were not detected 
during this time. 

Concomitantly there was a significant increase in all of the 11-deoxy- 
steroids except 7-ketodehydroisoandrosterone. The striking increase in 
the metabolites of Reichstein’s substance S was slightly greater than the 
decrease in hydrocortisone secretion. Androsterone and etiocholanolone 
increased appreciably under the influence of the drug and the increased 
excretion of these compounds was roughly equivalent to what might have 
been anticipated from the decreased production of 116-hydroxy-A‘- 
androstene-3,17-dione. Dehydroisoandrosterone increased significantly 
during administration of SU-4885, as did the related metabolite A’*- 
pregnene-38,17a,20a-triol. The change in pregnane-3a,17a,20a-triol was 
probably not significant, especially in consideration of the difficulty en- 
countered in the chromatographic separation of isomeric metabolites of 
similar polarity. 

Two alternative hypotheses may be entertained as explanations for 
these facts. The first of these is that the tumor was autonomous and that 
inhibition of one reaction in the biosynthetic sequence resulted in diversion 
of 11-oxygenated hormone to 11-deoxysteroids without any net alteration 
in total hormone production. On the other hand, Liddle and his collab- 
orators (4) have supplied convincing evidence that inhibition of 11- 
hydroxylation by SU-4885 results in adrenal production of steroids unable 
to suppress pituitary adrenocorticotropin (ACTH) secretion. As a con- 
sequence there may be increased steroid secretion compared with the 
basal period without treatment. Liddle and his collaborators (4) failed 
to obtain an increase in urinary 17-hydroxycorticoids in 3 cases of Cush- 
ing’s syndrome associated with adrenocortical tumor. The approach em- 
ployed by these investigators differed from that of the present study in 
that group reactions were employed rather than isolation and measure- 
ment of individual steroid metabolites. 

It is amply clear from the steroid isolation studies that SU-4885 sub- 
stantially depressed i18-hydroxylation in Patient G.G., with both the 
C.; and Cy steroids. An examination of the material balance between the 
- hydrocortisone metabolites and the substance S metabolites during the 
control period and while under the influence of the drug reveals that the 
increase in 11-deoxysteroids was greater than the net increase in the 11- 
oxygenated analogs. Although the difference is not great and might possi- 
bly result from the accumulation of errors in the determination of so many 
different compounds, it is in the direction suggested by Liddle’s hypoth- 
esis. Moreover, the results are consistent for the two classes of C2; 


oh 
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metabolites, namely, those with the dihydroxyacetone side-chain (tetra- 
hydrocortisone and tetrahydrocortisol for the 1l-oxygenated metabolites, 
and tetrahydro-S for the 11-deoxy series) and the metabolites with the 
glycerol side-chain (cortols and cortolones which represent the 11-oxy- 
genated metabolites, and pregnane-3a,17a,20a+8,21-tetrols which repre- 
sent the 11-deoxy metabolites). The net increase of 11-deoxy metabolites 
for each class was greater under the influence of SU-4885 than can be 
accounted for by the decrease in the corresponding class of 11-oxygenated 
compounds. 

This finding is verified by the comparison of the material balance of the 
17-ketosteroid metabolites shown in Table 2. The increase in androsterone 
and etiocholanolone under the influence of the drug more than equaled the 
decrease in 116-hydroxyandrosterone. Although this is a somewhat less 
trustworthy material balance, in that substance S probably yielded 
small amounts of androsterone and etiocholanolone, it is again in the di- 
rection suggested by Liddle’s hypothesis. The results with dehydroiso- 
androsterone and A°-pregnene-36,17a,20a-triol, shown in Table 3, simi- 
larly support the view that the tumor and its metastases were stimulated 
by increased production of endogenous ACTH during administration of 
SU-4885. This is significant because the increased production of these 2 
compounds was substantial on a percentage basis and because no corre- 
sponding 11-oxygenated analogs of these 2 metabolites are known. 

Thus, if a strictly literal interpretation be given to the observed changes 
in steroid production, it must be concluded that this tumor and its metas- 
tases were still capable of response to an increase of endogenously pro- 
duced ACTH. This interpretation, however, should be accepted with a 
measure of caution, not only because of the facts already noted but be- 
cause our present knowledge of the metabolism of Reichstein’s substance 
S is not nearly as complete as that of hydrocortisone. In addition, there is 
always the possibility that the peripheral metabolism of hormones may 
have been influenced by the drug, although there is no evidence available 
_ upon this point. Since it is known that some adrenal carcinomas can be 
stimulated by exogenous ACTH (4, 23) the possibility that this carcinoma 
was likewise responsive is credible, although direct evidence was not ob- 
tained. Alternatively the presumably normal contralateral adrenal gland 
may have been the source of the increase in steroid production under the 
influence of SU-4885. If this explanation were correct, it would imply that 
steroid production by the tumor and metastases had been altered in kind 
by the drug, without a change in amount. However, ACTH secretion was 
increased as a consequence of the fall in circulating hydrocortisone, and 
the normal adrenal while under the influence of SU-4885 responded to this 
stimulation with a greater amount of 11-deoxysteroids. If either provi- 
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sional interpretation be accepted, the interesting corollary must be drawn 
that the daily secretion of an amount of hydrocortisone which yielded 17 
mg. of identifiable urinary metabolites was insufficient to suppress the 
pituitary of this patient. This amount of hormone is considerably greater 
than that effective for suppression of a normal hypophysis, and it can 
therefore be suggested that the pituitary of this patient had reached a new 
and different homeostatic level while still capable of increased hormone 
production in response to a drop in the circulating level of hydrocortisone. 

The exception to these tentative conclusions is aldosterone. There was 
an increased production of this 1l1-oxygenated hormone under the in- 
fluence of SU-4885, in contrast to the suppressed production of the other 
11-oxygenated compounds. Jenkins and associates (24) reported a similar 
finding but thought that the metabolites of the drug made evaluation 
difficult. Gold, DiRaimondo and Forsham (25) likewise reported an in- 
crease in aldosterone production during administration of SU-4885. These 
findings emphasize the different factors controlling the production of 
aldosterone in distinction to the other adrenal hormones, even in adreno- 
cortical carcinoma. Similar reservations, however, must be expressed 
about this finding, since our knowledge of the metabolism of aldosterone 
is fragmentary. In fact, as with all attempts at generalizations about the 
metabolic properties of adrenocortical carcinoma, definitive judgment 
should be reserved until even more extended and searching studies are 


possible. 
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ABSTRACT 

The presence of the 7 principal tricarboxylic acid cycle enzymes—aconitase, 
fumarase, condensing enzyme, and isocitric, a-ketoglutaric, succinic, and malic 
dehydrogenase—was demonstrated in sheep and human thyroid tissue. Quan- 
titative assays were adapted for the measurement of aconitase, fumarase, iso- 
citric, succinic, and malic dehydrogenase in homogenates of this tissue. It was 
found that methimazole, potassium perchlorate and thiocyanate did not 
inhibit significantly any of these 5 enzymatic activities in sheep thyroid homog- 
enates. These 5 enzymes were not found exclusively in mitochondria. The 
sheep thyroid content of aconitase, fumarase, and isocitric, malic, and succinic 
dehydrogenase is much lower than the liver content of these enzymes. This 
finding in a metabolically highly active tissue suggests the existence in this 
tissue of an alternate pathway of glucose catabolism. The content of 5 of the 
aforementioned enzymes in thyroids from treated thyrotoxic patients was cor- 
related with the degree of hyperplasia of these glands. 


EW studies have been made of the energetics of the normal thyroid 

gland. Many of the Embden Meyerhof cycle and tricarboxylic acid 
cycle substrates stimulate the respiration of appropriately supplemented 
thyroid homogenates (1). Oxygen supply and phosphate bond energy are 
necessary for iodide trapping by thyroid slices (2). This phenomenon is 
inhibited by some tricarboxylic acid cycle inhibitors, but not by malonate. 
The presence in the thyroid of some enzymes and co-enzymes of glucose 
catabolism and oxidative metabolism has been occasionally discussed 
(3-10). 
} Because of the pivotal role of the citric acid cycle in the energy supply 
of cells, it seemed of interest to confirm the existence of the key enzymes 
of the cycle in the thyroid gland. Further, by comparing the concentration 


_ of these enzymes in the thyroid and in the liver, an appreciation of the 
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activity of the whole cycle in thyroid tissue might be obtained. Thus, by 
relating the enzymatic assays to normal and pathologic human thyroids, 
some insight into the physiopathologic mechanisms might be gained. 


METHODS 


Sheep thyroids and livers were obtained at a local abattoir and brought at once on 
ice to the laboratory, where they were dissected free from neighboring structures. The 
tissue was cut in small pieces, added to 4 volumes of 0.25 M sucrose, and gently ground 
in a Servall Omnimixer. After filtering through cheesecloth, the tissue was homogenized 
for three minutes in a Potter-Elvehjem homogenizer. The homogenate was centrifuged 
at 700 Xg for fifteen minutes, and the sediment washed twice with 1 volume of 0.25 J 
sucrose. For demonstration of a-ketoglutaric oxidase, homogenates were in some cases 
prepared with a special potassium buffer (11). All these manipulations were carried out 
at a temperature lower than 4° C. Human thyroid tissue obtained in the operating:room 
was prepared in the same way. 

Potassium was determined spectrophotometrically (12). Deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) were isolated by the Schmidt-Tannhauser-Schneider 
procedure and quantitated in duplicate by the orcinol reaction for ribose of RNA and 
diphenylamine reaction for desoxyribose of DNA (13). Yeast RNA and calf thymus 
DNA were used as standards. 

All assays, with the exception of the a-ketoglutaric oxidase determination, made use 
of spectrophotometric procedures. Measurements were performed with a Beckman model 
DU spectrophotometer equipped with a photomultiplier and with temperature regula- 
tion. The silica cuvettes were of 3-ml. capacity, with a l-cem. light path. 

Determinations were made at 33° C. The experimental cuvettes containing the 
buffer, the tissue preparation, 1 mg. of crystalline bovine albumin per ml. and either the 
necessary co-enzyme or the substrate, were incubated for five to seven minutes in 
order to reach the standard temperature. The reaction was started by addition of the 
substrate or the co-enzyme. All determinations were measured against blanks, incu- 
bated without substrate and, whenever possible, against blanks incubated without co- 
enzyme. 

The reaction was measured by the change in absorbance with time at the wave length 
employed, and activities were calculated as the absorbance change per minute in the 
first, or proportional, part of the reaction. 

For the establishment of conditions of quantitative assays, preparations more active 
than the 700 Xg supernatant were used, such as mitochondria resuspended in 0.25 M 
sucrose, or enzyme partially purified by ammonium sulfate precipitation. For each of 
the assays, the Km of the relatively crude preparations was measured in order to select 
substrate concentrations at least ten times higher than this Km. 

Assays were performed over a wide range of enzymatic concentrations to establish 
limits below which activities were proportional to enzyme concentrations (14). Quanti- 
tative assays, therefore, were measurements of initial activity under conditions in which 
the reaction was of a zero ad with respect to substrate, and proportional to enzyme 
concentration. 


DEMONSTRATION OF ENZYMES 


Aconitase 
Aconitase catalyzes the reversible transformation of citrate to cisaconi- 
tate and of cisaconitate to isocitrate. Since cisaconitate absorbs highly at 


‘ 
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240 mu, aconitase was assayed in tissue preparations by the increase in 
absorbance in the presence of isocitrate or citrate (quanitative assay), or 
by the decrease in the absorbance in the presence of cisaconitate (Fig. 
1A) (15). The presence of this enzyme was also indicated by the fact that 
citrate (known to be free of isocitrate) led to triphosphopyridine nu- 
cleotide (TPN*) reduction under the conditions of isocitric dehydrogenase 
assay (Fig. 2B) (16). 


A B 
0.30 0.075 
8 
A 
0.20. ‘9.050 
N 
c 
0.10} 0.025 
1 1 1 wilh 
2 4 6 8 2 4 6 8 
TIME (MINUTES) TIME (MINUTES) 


Fig. 1. A. The experimental 3-ml. cuvette contained 150 umoles of sodium phosphate 
buffer, pH 7.4, and the tissue preparation. The reaction was started by adding the sub- 
strate. (A) Formation of aconitase from citrate. The cuvette contained 0.1 ml. of 
700 Xg supernatant fraction. Reaction was started by adding 100:umoles of citrate. 
Rate of cisaconitate formation was proportional to enzyme content for activities lower 
than 0.012 and reaction time of twelve minutes. (B) Formation of aconitate from 
isocitrate. The cuvette contained 0.1 ml. of 700 Xg supernatant fraction. Reaction was 
started by addition of 40 umoles of isocitrate. (C) Disappearance of cisaconitate. The 
cuvette contained 0.2 ml. of ten times diluted 700 Xg supernatant fraction. Reaction 
was started by adding 2.7 umoles of cisaconitate. Original data for the absorbances can 
be obtained by adding 0.600 to the absorbances read on the graph. (D) Formation 
of fumarate from malate. The cuvette contained 0.05 ml. of 700 Xg supernatant frac- 
tion and 40 umoles of sodium phosphate buffer, pH 7.4. Reaction was started by adding 
60 umoles of malate. 

B. Action of KCN and perchlorate on aconitase activity. The cuvettes contained 150 
umoles of sodium phosphate buffer, pH 7.4. Reaction was started by adding 100 wmoles 
of citrate. In experiment B, potassium cyanide (6 wmoles) was added. In experiment C, 
potassium perchlorate (6 umoles) was added. 
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Fig. 2. A. Disappearance of fumarate, transformed to malate. The cuvette contained 
40 umoles of sodium phosphate buffer, pH 7.4, and 0.2 ml. of 700 Xg supernatant frac- 
tion. The reaction was started by adding 33.6 uwmoles of fumarate. Rate of fumarate 
disappearance was proportional to the enzyme content for activities lower than 0.010 
and reaction time of fifteen minutes. 


B. The reduction of TPN* by isocitrate and citrate, by enzymes of sheep thyroid. 


The cuvettes contained 100 umoles of Tris buffer (pH 7.4), 20 umoles of MnSQ,, 6 umoles 
of KCN, 16 umoles of isocitrate, and 0.1 ml. of ten times diluted 700 Xg supernatant 
fraction. Experiments were started by adding 0.5 umole of TPN. The rate of TPNt 
reduction was proportional to the enzyme content for activities lower than 0.012 and 
reaction time of five minutes. In experiment B, no MnSQ, was placed in the experi- 
mental cuvette. In experiment C, p-chloromercuribenzoate (3 umoles) was added to 
the medium. In experiment D, isocitrate was replaced by 100 umoles of citrate, and 0.2 
ml. of 700 Xg supernatant fraction was used as enzymatic preparation. In this experi- 


ment the addition of TPN+ to begin the reaction was made two minutes before the * 


0 time on the graph. 


The enzyme in these preparations was inhibited by potassium cyanide 
(Fig. 1B). It was labile at 4° C., and its activity decreased 50 per cent 
after twenty-four hours of freezing. 


Isocitric dehydrogenase 


Isocitrate dehydrogenase was measured by the increase in 340-my 
absorbance in the presence of TPN+ and Mn++ (17, 18) (quantitative 
assay). In the conditions of this assay, no reduced triphosphopyridine 
nucleotide (TPNH) oxidase activity was noted. It was not possible to 
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demonstrate consistently any catalysis of the reduction of diphospho- 
pyridine nucletide (DPN*) in the presence of isocitrate (18, 19). This 
may have been due to DPNH oxidase activity, which is not inhibited by 
10-* M potassium cyanide. TPN+-isocitric dehydrogenase activity was 
completely inhibited by 10-* M p-chloromercuribenzoate and was de- 
creased if Mn++ was not added (Fig. 2B) (17). 


a-Ketoglutaric dehydrogenase 


The a-ketoglutaric oxidase system catalyzes the decarboxylation and 
oxidation of a-ketoglutarate in the presence of DPN+. When the reaction 
proceeds anaerobically in the presence of glutamic dehydrogenase and 
ammonium ion, the oxidation of 1 molecule of a-ketoglutarate is coupled 
with the reductive amination to glutamate of another a-ketoglutarate 
molecule (20). Under these conditions, the manometrically determined 
release of CO, demonstrated the presence in thyroid homogenate of a- 
ketoglutaric oxidase activity (Fig. 3A) (11, 21, 22). 

DPN?+ and glutamic dehydrogenase were found to be essential for this 
reaction, which is consistent with the low glutamic dehydrogenase content 
of thyroid tissue (23). Although some activity was recorded in the absence 
of co-enzyme A (CoA), cysteine, and co-carboxylase, these co-factors were 
added routinely. a-Ketoglutaric oxidase activity was demonstrated in 
washed mitochondria. 


Succinic dehydrogenase 


Succinic dehydrogenase was demonstrated by reduction of ferricyanide 
in the presence of cyanide and succinate (quantitative assay) (24-26). In 
the system used, sodium malonate in 3X10-* M or 6X10-* M concentra- 
tion inhibited succinate oxidation 60 and 80 per cent respectively. This 
inhibition was decreased when succinate concentration was increased 
(Fig. 3B). Since the activity of a previously frozen preparation was de- 
creased 64 per cent after incubation without substrate under the condi- 
tions of the assays, the incubation time of the mixture prior to the reaction 
had to be strictly defined for quantitative measurements. As no such 
phenomenon occurred in the absence of cyanide, or in the presence of 
succinate, it was concluded that this inactivation was caused by cyanide, 


as has been shown recently for succinic dehydrogenase activity in the 


heart particulate preparation (27). 


Fumarase 
Fumarase activity was assayed in thyroid preparations by fumarate 


disappearance at 300 mu (28, 29), or by the appearance of small quantities 
of fumarate in the presence of malate at 240 my (15), since fumarase cat- 


> 
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Fig. 3. A. COz release from a-ketoglutarate by sheep thyroid homogenate. (A) Ex- 
perimental flasks contained 100 umoles of potassium bicarbonate, 40 umoles of potas- 
sium phosphate buffer (pH 7.6), 20 umoles of magnesium chloride, 0.5 wmole of DPN*, 
0.5 umole of co-carboxylase, 25 wmoles of ammonium chloride, 0.1 umole of co-enzyme A, 
20 wmoles of cysteine (pH 7.6), 0.5 mg. of glutamic dehydrogenase, and 0.3 ml. of whole 
thyroid homogenate. Total volume, 3 ml. The flask was equilibrated with 95 per cent 
N: and 5 per cent CO: at 25° C. Reaction was started by adding 50 wmoles of potassium 
a-ketoglutarate, pH 7.6. In experiment B(x), no glutamic dehydrogenase was placed in 
the flask. In experiment C(o), no DPN* was added. 

B. Reduction of ferricyanide by succinic acid in sheep thyroid homogenate. The 
cuvette contained 220 umoles of sodium phosphate buffer (pH 7.2), 30 uwmoles of 
KCN, 2.5 wmoles of ferricyanide, and 0.2 ml. of 700 Xg supernatant fraction. The re- 
action was started by adding sodium succinate, pH 7.2. The rate of ferricyanide reduc- 
tion (assay with 40 uwmoles of sodium succinate) was proportional to the enzyme con- 
tent for activities lower than 0.005 and reaction time lower than forty minutes. (A) 
20 umoles of succinate added. (B) 80 umoles of succinate added. (C) 20 wmoles of 
succinate and 3 wmoles of malonate added. (D) 80 umoles of succinate and 3 wmoles of 
malonate added. 


alyzes the reversible transformation or hydration of fumarate to malate. 
The absorbancy of fumarate is very high at 240 my and is decreased for 
longer ultraviolet wavelengths (15). Owing to the high absorbancy of the 
relatively crude tissue preparations at 300 my, the former assay proved 
inaccurate for preparations with low specific activity. In these cases, this 
assay could be checked at 310 muy. 
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Fig. 4. DPNH oxidation by oxalo- 
acetate, and DPN? reduction by malate 
in the presence of thyroid homogenate. 
(A) The cuvette contained 100 umoles of 
Tris buffer (pH 7.4), 50 wmoles of oxalo- 
acetate, 6 wmoles of KCN, and 0.2 ml. of 
ten times diluted 700 Xg supernatant frac- 
tion. The reaction was started by adding 
0.13 umole of DPNH. Original data for 
the absorbance in this experiment can be 
obtained by adding 0.800 to the absorb- 
ances read on the graph. (B) The cuvette 
contained 40 uwmoles of sodium carbonate 
buffer (pH 10), 150 uwmoles of sodium 
malate (pH 10), and 0.05 ml. of ten times 
diluted 700 Xg supernatant fraction. The 
reaction was started by adding 1 umole of 
DPN?*. The rate of DPN* reduction was 
proportional to the enzyme content for 
activities lower than 0.012 and reaction 
time of -five minutes. (C) The cuvette 
contained 75 umoles of Tris buffer (pH 8), 
10 umoles of malate, 1000 units of malic 
dehydrogenase, and 0.2 ml. of 700Xg 


0.10 


0.05 


e 4 6 8 supernatant fraction. The oxidation of 
malate was started by addition of 0.5 

TIME 
Sees umole of DPN* (0 time). After equilibra- 


tion of this reaction, citrate formation 
with concomitant reduction of DPN* was 
started by the addition of 1 umole of 
acetyl CoA (three minutes). 


Malic dehydrogenase 


Malic dehydrogenase was demonstrated either by reduction of DPN+ at 
pH 10 in the presence of malate (30), or by oxidation of DPNH by oxalo- 
acetate (Fig. 4) (31, 32). The latter assay was not used quantitatively be- 
cause of the strong DPNH oxidase activity and the possibility of formation 
of pyruvate from oxalo-acetate during the actual assay. No reduction of 
TPN+ occurred at pH 10 in the presence of malate. : 


- Condensing enzyme 

In the presence of condensing enzyme, citrate is formed from acetyl- 
CoA and oxalo-acetate. The equilibrium of the malate to oxalo-acetate 
oxidation as catalyzed by malic dehydrogenase lies far to the malate side 
at neutral pH, unless this reaction is coupled with an effective mechanism 
for removing oxalo-acetate (as citrate formation). 

After previous equilibration of malate with oxalo-acetate, the DPN+ 


0.15 
c 
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reduction which followed addition of acetyl-CoA to the medium indicated 
the presence of condensing enzyme in the 700 Xg supernatant of thyroid 
homogenate (Fig. 4) (33). Exogenous malic dehydrogenase was not neces- 
sary to obtain this reaction. This reaction could not be used as a quantita- 
tive assay because of the pronounced DPNH oxidation that occurred even 


in the presence of KCN (10-* M). 


DISTRIBUTION OF ENZYMATIC ACTIVITY BETWEEN MITOCHONDRIA AND 
THE 8000 X g SUPERNATANT FRACTION 


Three different fresh thyroid homogenates were prepared to yield a 
700 Xg supernatant fraction, a twice-washed (1 vol.) 8000 Xg sediment, 
and the combined 8000 Xg supernatant fraction. Each of these fractions 
was assayed twice after one freezing and thawing. The partition of the 
enzymatic activity of the 700Xg supernatant fraction, mitochondria 
(8000 Xg sediment), and the 8000Xg supernatant fraction is shown in 
Table 1 for the 5 enzymes studied. 


ACTION OF ANTITHYROID DRUGS 


The action of 3 of the antithyroid drugs, methimazole (Tapazole), thio- 
cyanate and potassium perchlorate, was evaluated at 10-* M concentra~ 
tion in each of the 5 quantitative enzymatic assays. With the exception of 
a slower formation of cisaconitate in the aconitase assay (Fig. 1B) when 
perchlorate was added, no significant inhibition was noted in the presence 
.of these pharmacologic agents. 


ENZYME CONTENT OF THYROID AND LIVER 


It is probable that the tricarboxylic acid cycle enzymes are not the limit- 
ing factors in the activity of this cycle, since agents uncoupling oxidophos- 


TABLE 1. DISTRIBUTION OF KREBS CYCLE ENZYMES IN SHEEP THYROID CELUS 


700 Xg super- . 8000 Xg super- 

natant fraction 8000 ee natant fraction 
(%) (%) 
Aconitase 100 42.5 58.5 
Fumarase 100 33.7 61.0 
Isocitric dehydrogenase 100 4.7 93.0 
Malic dehydrogenase. 100 26.2 79.5 
Succinic dehydrogenase 100 90.3 15.2 


Three different sheep thyroid homogenates in 0.25 M sucrose were centrifuged at 700 Xg 
for fifteen minutes. The sediment was discarded. Aliquots of the 700 Xg supernatant fraction 
were kept for enzymatic determinations. The 700 Xg supernatant fraction was centrifuged at 
8000 Xg for fifteen minutes. The sediment was washed twice with 0.2 vol. of 0.25 M sucrose 
and the supernatant added to the 8000 Xg supernatant fraction. Activities were determined 
in duplicate on the frozen and thawed preparations and expressed as activities corresponding 
to 1 ml. of the 700 Xg supernatant fraction. The percentage of the 700 Xg supernatant frac- 
tion activity in the 8000 Xg supernatant fraction and in the 8000 Xg sediment was then cal- 
culated. The values listed are the means of the percentages for 3 different sheep thyroid 


preparations. 
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phorylation in this tissue stimulate its respiration (2, 34). Nonetheless, it 
was of interest to compare the concentration of these enzymes in the thy- 
roid and in a well studied tissue like the liver, in order to gain some ap- 
preciation of the activity of the cycle in the thyroid. 

At the time of these experiments no attempt was made to standardize 
completely the schedule of the assays or. the temperature of the reactions, 
but in each case the thyroid and liver tissues were processed at the same 
time and in the same way, and measurements were made concurrently at 
the same temperature. A whole experiment was finished in a single day. 
Thus, absolute enzymatic concentrations were not established, but the 
ratio of enzyme activity in the liver to that in the thyroid was determined. 

Since during the preparation procedures some tissue was lost at several 
stages, measured activities were not related to the wet weight of tissue 
worked on, but rather to independent parameters: potassium, DNA, or 
RNA content of the respective homogenate (35). 

In view of the large and variable content of inert protein (thyroglobulin) 
in thyroid tissue, it would have been worthless to relate enzymatic activities 
to protein content. 

The ratios of liver enzymatic content to thyroid enzymatic content 
(L/T) obtained in the 6 experiments are shown in Table 2. It should be 
noted that the comparison of isocitric dehydrogenase content of liver and 
thyroid was made difficult by the fact that hepatic isocitric dehydrogenase 
disappears much faster at 4° C. than does thyroid isocitric dehydrogenase; 
thus the L/T ratios for this enzyme were decreased. It is apparent from 
the values in Table 2 that whatever the parameter used, liver tissue is 
much richer in tricarboxylic acid cycle enzymes than is the thyroid. 


TABLE 2. Ratio oF THE KREBS CYCLE ENZYME ACTIVITY IN SHEEP THYROID AND 
LIVER HOMOGENATES. INDIVIDUAL RATIOS, LIVER TO THYROID (per mEq. K) 


Activity is expressed as absorbancy-units change per minute per milliequivalent of po- 
tassium, or per milligram of RNA or DNA in the homogenates. The ratio of theenzymatic 
activity of liver homogenate to that of thyroid homogenate is recorded. 


Isocitric Succinic Malic 
Experiment Aconitase |, Fumarase dehydro- dehydro- dehydro- 
genase genase genase 
I 2.85 5.1 0.68 1.08 1.76 
II 2.23 5.1 1.12 1.28 2.4 
III 2.31 4.8 1.19 5.45 0.97 
IV 2.69 8.5 2.23 4.34 4.7 
V 2.64 5.0 1.34 2.76 2.4 
VI 8.50 2.00 4.9 
Mean ratios, liver to thyroid 
Per mEq. K 2.54 5.7 2.51 2.82 2.85 
Per mg. RNA 2.34 5.3 2.31 2.68 2.63 
Per mg. DNA 4.26 ae 3.21 4.46 3.93 


I 
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ENZYMES IN THE NORMAL AND IN THE PATHOLOGIC 
HUMAN THYROID GLAND 


Thyroid tissue obtained at operation was frozen as soon as possible after 
removal. The 700 Xg supernatant was prepared the following day and the 
aconitase content measured. The supernatant fraction was then frozen 
again and the other enzymatic measurements were made the next day. 
Activities were related to the DNA content of the whole homogenate. 

The samples of normal thyroid were obtained from patients undergoing 
parathyroidectomy (2 cases) or from normal areas of the thyroids of pa- 
tients operated upon for a solitary adenoma (3 cases). Thyroids from 
treated thyrotoxic patients were also studied. All had been treated with 
antithyroid drugs and iodide, and were euthyroid before operation. Since 
the histologic picture of these glands ranged from complete involution to 
marked hyperplasia, they were classified according to the degree of hyper- 
plasia. This was evaluated by the pathologist on an arbitrary scale of 
0 to 4. 

-It is apparent from Table 3 that the enzymatic content of the tissue 
increased with the degree of hyperplasia of the gland, ranging from lower 
than normal or normal (Patients B. and L.) for totally involuted tissue to 
much higher than normal in the case of Patient K., in whose gland no in- 
volution was seen. ; 

Studies on a few euthyroid goitrous patients failed to show any dramatic 
change, except relatively low values in 1 case of colloid adenoma. It should 
be noted that whereas a “‘hot”’ nodule (Patient V., follicular adenoma) had 


TABLE 3. ENZYME CONTENT* OF HUMAN THYROID GLANDS 


Degree of Isocitric Succinic Malic 
Subjects hyper- Aconitase | Fumarase | dehydro- | dehydro- | dehydro- | I'*! uptake 
plasia** genase genase genase 
. 0.635 0.025 2.2 0.06 12.7 
Normal [5] +0.09f +0.003 +0.3 +0.01 +2.7 
Thyrotoxic: 
4 0 0.4 0.024 1.8 0.07 12.2 
L. 0 0.37 0.015 1.8 0.07 6.9 
Cc, 1 0.55 0.039 2.6 0.1 14.8 
J. 2-3 0.5 0.035 2.2 0.07 10.8 
r 2-3 0.60 0.048 2.4 0.12 14.8 
Ww. 2-3 1.0 0.045 4.5 0.14 16.9 
K. 3 1.05 0.1 4.5 0.10 29.4 
Colloid adenoma: 
V. ae 0.4 0.02 3.1 0.06 10.4 High 
Follicular adenoma: ‘ 
G.t 2 0.96 0.06 6.2 0.14 7.3 Decreased 


* Enzyme content expressed as absorbancy-unit change per minute per mg. of DNA. | ‘ ; 
** Degree of hyperplasia classified 0, 1, 2, 3, and 4 by the histologist: 0 scone? involution; 1 =marked involution 
with some foci of mild hyperplasia; 2-3 =early involution with disseminated foci of hyperplasia; 3 =marked hyper- 


plasia with sparse amounts of colloid; histology suggested little or no preoperative medication with iodine. 


Standard deviation of the mean. 
Histologic picture extremely hetetog A ding to the area studied, some follicles showed moderate hyper- 


plasia, some involution. 
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a low-normal enzyme content, a “cold” nodule (Patient G., markedly 
hyperplastic adenoma) had an increased content of aconitase, fumarase, 
isocitric dehydrogenase and succinic dehydrogenase. 


DISCUSSION 


The existence of the 7 principal tricarboxylic cycle enzymes has been 
demonstrated in sheep and human thyroid tissue. This confirms and ex- 
tends the work of others (1, 3-7). The demonstration of the presence of 
these enzymes does not by itself permit one to assign a major share in the 
thyroid metabolic activity to the cycle. It is a necessary, but not a suffi- 
cient, condition for any such activity. 

It should be noted that whereas malonate does not inhibit iodide uptake 
(2), nor oxygen consumption of thyroid slices (1, 2), this compound does 
competitively inhibit succinic dehydrogenase activity of the thyroid ho- 
mogenates. The cause of this discrepancy is unknown. 

Distribution studies of 5 of these enzymes in the thyroid cell show that 
succinic dehydrogenase is mainly found in the mitochondrial fraction, and 
isocitric dehydrogenase is almost completely in the supernatant fraction. 
The other enzymes are distributed between the two fractions. It is thus 
apparent that, according to the separation methods used, the mitochondria 
do not constitute the location of all the enzymatic activity corresponding 
to the tricarboxylic acid cycle in the thyroid cell. 

Methimazole, perchlorate and thiocyanate did not inhibit significantly 
aconitase, fumarase, isocitric, succinic and malic dehydrogenase at a con- 
centration of 10-* M. This fact confirms previous findings (2, 34) that these 
drugs do not inhibit respiration of thyroid slices. 

Liver tissue is much richer in tricarboxylic acid cycle enzymes than is 
the thyroid. This suggests the possible existence of an active alternate 
pathway for glucose catabolism in thyroid tissue. Indeed, in studies com- 
paring the oxidation to CO, of glucose 1-C™ and glucose 6-C™ by thyroid 
slices, an active hexose monophosphate pathway was demonstrated in this 
tissue (36, 37). 

Study of pathologic human tissue showed a general increase of Krebs 
cycle enzyme content in treated hyperthyroid patients. This increase 
seemed to correlate well with the degree of hyperplasia in this small series. 


This confirms previous reports that the succinic dehydrogenase content of 


thyroids from TSH-treated guinea pigs is higher than normal (6, 7), but 
shows that the increase is not specific for this enzyme. Since it is well known 
that the cell mass is increased in the TSH-stimulated gland (35), and since 
no measurements were made in our patients of this cell mass, the possibility 
exists that the increased enzyme content of the hyperplastic glands may 
have merely reflected an increase in cell mass. 
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ABSTRACT 


The postulate that Cushing’s syndrome associated with bilateral adrenal 
hyperplasia results from an increased secretion of adrenocorticotropin (ACTH) 
satisfactorily explains many aspects of the disorder. However, the absence of a 
measurable increase in blood concentration of ACTH in such patients has led 
some investigators to assume that abnormal ACTH secretion does not account 
for the disorder. In the present investigation, constant intravenous infusions 
of small amounts of ACTH (1.5-5.0 1.u. per day) were given for four-day 
periods to 7 normal young men at a rate calibrated so that they should not re- 
sult in a measurable elevation of the blood ACTH level. In 4 of the 7 sub- 
jects, a fairly constant elevation of the plasma level of 17-hydroxycorticoster- 
oids (17-OH-CS) developed during the four-day infusions. In 5 of the 7 sub- 
jects the response of the plasma 17-OH-CS level to maximal stimulation with 
ACTH, when tested two hours after ending the constant infusion, was increased 
above the control response. A relatively constant elevation of plasma 17-OH-CS 
concentration, with loss of the normal diurnal variation and increased re- 
sponsiveness to ACTH, also characterized the plasma 17-OH-CS pattern in 
patients with Cushing’s syndrome and adrenal hyperplasia. Thus, in view of 
the limits of sensitivity of present methods for the detection of ACTH in the 
blood, the absence of a measurable elevation of blood ACTH concentration 
is not a valid objection to the hypothesis that a constant secretion of ACTH 
is the basis for Cushing’s syndrome associated with adrenal hyperplasia. 


HE pathogenesis of Cushing’s syndrome associated with administra- 

tion of glucocorticoids or with tumors of the adrenal cortex is readily 
apparent. However, the basis for Cushing’s syndrome associated with 
adrenal hyperplasia is not obvious. The postulate that the syndrome when 
associated with adrenal hyperplasia is the result of increased secretion of 
adrenocorticotropin (ACTH) satisfactorily explains the bilateral adrenal 
hyperplasia, the increased responsiveness of the adrenal omen to ACTH 
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and the increased amounts of adrenal steroids found in the urine and blood 
(1). This postulate also is compatible with the fact that therapeutic success 


-has been achieved in some cases following hypophysectomy (2) or x-ray 


irradiation of the pituitary gland (3). However, Paris et al. (4) and Sayers 
(5), after a careful review of the evidence, concluded that there is no de- 
monstrable increase in blood levels of ACTH in cases of Cushing’s syn- 
drome associated with adrenal hyperplasia. The absence of a measurable 
increase in blood ACTH concentration in patients with this disorder has 
led some investigators to search for other explanations. Jailer et al. (6) 
found increased adrenal weight-maintaining activity in the plasma of sub- 
jects with Cushing’s syndrome associated with adrenal hyperplasia; the 
assay procedure used was the prevention of adrenal atrophy in hypophy- 
sectomized rats. The nature of the substance producing this activity is 
unknown, and it has been found in the plasma of patients with disorders 
other than adrenal hyperplasia (6). 

The present study was an investigation of the possibility that Cushing’s 
syndrome associated with adrenal hyperplasia is caused by the constant 
secretion of a small amount of ACTH. Plasma levels of 17-hydroxycorti- 
costeroids (17-OH-CS) were determined in normal subjects receiving infu- 
sions of ACTH at rates which should not result in measurable elevation 
of blood ACTH concentration. A study was also made of the diurnal varia- 
tion of plasma 17-OH-CS concentration in patients with Cushing’s syn- 
drome. 


METHODS 


The technique of continuous intravenous infusion of ACTH (7) and the method for 
determination of 17-OH-CS in plasma have been described elsewhere (8). In the present 
study, heparin and antibiotics were not added to the infused ACTH solution. All sub- 
jects studied were healthy male volunteers (Table 1). 


Plan of Studies 
A. Four-day infusions of ACTH without dexamethasone (Subjects 1, 3, 4, 5 and 7) 


In order to estimate the endogenous rate of ACTH secretion, four-hour intravenous in- 
fusions of ACTH, starting at 8:00 a.m., were administered at different rates to each 
of these subjects. The maximum rate of infusion of ACTH which did not cause a rise in 
plasma 17-OH-CS concentration from 8:00 a.m. to 12:00 noon was selected as the rate 
for the four-day infusion. It was presumed that this rate of administration of ACTH 
was of the magnitude of the subject’s endogenous rate of ACTH secretion early in the 
morning (7). The particular lots of ACTH and the rate of administration are listed in 
Table 1. The four-day constant infusions were started at 8:00 a.m. and were adminis- 
tered continuously at the selected rates. Blood specimens were obtained every four to six 
hours on the first and fourth days. The constant infusions were stopped at 6:00 a.m. 
near the end of the fourth day. Two hours later, the subjects were given 25 1.u. of ACTH 
intravenously over a six-hour period and blood specimens were drawn every one to two 
hours to evaluate adrenal response to maximal stimulation with ACTH (9). 


} 
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TaBLE 1. THE RESPONSE OF NORMAL SUBJECTS TO FOUR-DAY INFUSIONS OF 
SMALL AMOUNTS oF ACTH 


ACTH Results 
C I d 
ge, Height . . onstant elevation |Increased responsive- 
Weight and of plasma ness to maximal stim- 
17-OH-CS level | ulation with ACTH 
1. 30 yrs., Upjohn + + 0 
70 ins., KRI179FG 
155 lbs. 
*2. 26 yrs., Armour 5 + 0 
72 ins., P67610R 
185 lbs., 
3. 24 yrs., Wilson 2.5 0 + 
74 ins., 108780 
160 lbs. 
4. 28 yrs., Wilson 3 0 + 
71 ins., 108780 
161 lbs. 
5. 26 yrs., Upjohn 4 + + 
71 ins., KRI179FG 
145 lbs. 
*6. 23 yrs., Wilson 4.5 + + 
71 ins., 108780 
160 lbs. 
7. 25 yrs., Armour 1.5 0 + 
71 ins., T71411 
138 lbs. 


* Received 1 mg. of dexamethasone by mouth every eight hours throughout the study. 


The diurnal variations of plasma 17-OH-CS concentration and the response to maxi- 
mal stimulation with ACTH also were studied under control conditions in each subject. 
Two hours before the control ACTH test, Subject 3 was given 1 mg. of dexamethasone 
to suppress endogenous ACTH and lower the concentration of plasma 17-OH-CS to the 
range found two hours after ending the four-day constant infusion. 


B. Four-day infusions of ACTH with dexamethasone (Subjects 2 and 6) 


To decrease the role that secretion of endogenous ACTH might play in these investi- 
gations, 2 additional subjects were studied during the administration of dexamethasone 
This potent glucocorticoid was used to suppress endogenous ACTH production. In a 
preliminary study, 1 mg. of dexamethasone administered orally to Subjects 2 and 6 
every eight hours resulted in plasma 17-OH-CS concentrations below 2.5 ug. per 100 
ml. in specimens drawn 12, 16, 20, 25 and 32 hours after starting the drug. To estimate 
the endogenous rate of secretion of ACTH in these subjects, the same dose of dexametha- 
sone was given at 12:00 midnight and, starting at 4:00 a.m., four-hour infusions of 
ACTH were given at different rates; blood specimens were obtained at 8:00 a.m. The 
maximum rate of administration of ACTH which did not cause a rise in plasma 17- 
OH-CS to the usual 8:00 a.m. concentration was determined. Twice this rate of infu- 
sion was assumed to be of the magnitude of the endogenous rate of ACTH secretion 
in these subjects, and this rate was used in the four-day infusion study. A 1-mg. dose 
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of dexamethasone was administered every eight hours throughout the four-day period 
of ACTH infusion. The remainder of the study was carried out as described for the 
other subjects, with the exception that the constant infusions were started at 4:00 a.m. 
on the first day. Both subjects were given 1 mg. of dexamethasone two hours before their 


control ACTH tests. 
RESULTS 


Normal subjects 

In 4 of the 7 normal subjects, including both of those studied while re- 
ceiving dexamethasone, a fairly constant elevation of the plasma 17-OH-CS 
level developed during the continuous infusions of ACTH (Table 1). Fig- 
ure 1 shows the concentrations of plasma 17-OH-CS on the fourth day, in 
all but Subject 6. In this man, laboratory problems prevented analysis of 
the fourth-day samples and the data presented in Figure 1 are for the first 
day of the constant infusion. The diurnal variations of plasma 17-OH-CS 
concentration under control conditions in these same 4 subjects also are 
shown in Figure 1. The 3 in whom sustained elevations of the plasma 


PLASMA I7-OHCS wg/l00 ml. 


8AM 12N 4PM 8PM I2MN 4AM 8AM 
TIME 


Fig. 1. Plasma 17-OH-CS data on the 4 normal subjects in whom fairly constant 
elevations of the plasma 17-OH-CS level developed during the four-day infusions of 
small amounts of ACTH. The diurnal variation of plasma 17-OH-CS concentration 
under control conditions is indicated by the dashed lines connecting dots. The plasma 
17-OH-CS values on one day during the constant infusion of ACTH are indicated by 
the solid lines connecting dots. The numbers refer to the subjects. 
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17-OH-CS level did not develop were all given ACTH at a rate of 3 1.v. 
or less per day. These rates of infusion resulted in slight elevations of 
plasma 17-OH-CS concentrations during the constant infusions, but were 
not adequate to abolish the diurnal variation (Fig. 2). 

In Figure 3 is shown the response of the plasma 17-OH-CS level in the 7 
normal subjects to the intravenous infusion of 25 1.u. of ACTH over a six- 
hour period, one month before or after the constant infusion and also two 
hours after ending the constant infusion. The data are summarized in 


Table 1. 
Cushing’s syndrome associated with bilateral adrenal hyperplasia 
Clinical data on the 5 patients with Cushing’s syndrome are listed in 


Table 2 

The ected concentrations of plasma 17-OH-CS in the cases of Cushing’ 8 
syndrome with adrenal hyperplasia were slightly higher than the average 
maximum levels attained by normal “unstressed” subjects at any time 
during the day. However, the most striking plasma 17-OH-CS abnormality 
that distinguishes patients with Cushing’s syndrome from normal subjects 
is the constancy of the plasma steroid level. No normal diurnal variation 


is present (10, 11). 


S 


> 
15 
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Fig. 2. Plasma 17-OH-CS data on the 3 normal subjects in whom constant eleva- 
tions of the plasma 17-OH-CS level did not develop during the four-day infusions of 
ACTH. The diurnal variation of plasma 17-OH-CS concentration under control condi- 
tions is indicated by the dashed lines connecting dots. The plasma 17-OH-CS values 
during the fourth day of the constant infusion of ACTH are indicated by the solid 


lines connecting dots. 
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PLASMA 17-OHCS jug /100 mi. 


SUBJECTS 


Fig. 3. The effect of maximal ACTH stimulation on plasma 17-OH-CS concentra- 
tions when studied under control conditions (dashed lines connecting dots) and two 
hours after ending the four-day ACTH infusions (solid lines connecting dots). 


The preoperative diurnal variations of plasma 17-OH-CS concentration 
during two days in Patient A and one day in Patient B are shown in Fig- 
ure 4. The mean values for plasma 17-OH-CS concentration during the 
period of control determinations of diurnal variations in the 7 normal sub- 
jects of the present study are included in Figure 4 for comparison. In Table 
3 are presented a limited number of preoperative plasma 17-OH-CS values 
in 2 additional patients (C and D) with Cushing’s syndrome and adrenal 
hyperplasia. These data also demonstrate the lack of normal diurnal varia- 
tion of plasma 17-OH-CS concentration. The 4 patients (A, B, C and D) in 
whom maximal stimulation with ACTH was studied preoperatively all 

' showed a response that was greater than normal (9). The mean plasma 
17-OH-CS concentration in the fourth-hour and sixth-hour specimens was 
88 wg. per 100 ml. in these patients. 

In Figure 5 are shown the diurnal variations of plasma 17-OH-CS con- 
centration in 4 patients after recurrence of Cushing’s syndrome following 
a remission induced by total resection of one adrenal gland and subtotal 
resection of the other. Again, a lack of a normal diurnal variation in the 
concentration of plasma 17-OH-CS was observed. 
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TABLE 2. CLINICAL DATA IN 5 CASES OF CUSHING’S SYNDROME ASSOCIATED 
WITH ADRENAL HYPERPLASIA 


Age at time of bilateral 
Patient adrenalectomy 


Signs and symptoms 


Complete | Subtotal 


A, male 31 Three years after surgery, hypertension, central obe- 
sity and proptosis again developed, but not the striae, 
nocturia, acne and edema that characterized the pre- 
operative status. The postoperative diurnal variation 
of plasma 17-OH-CS (Fig. 5) was determined five years 
after surgery. 


Eight months after surgery, hypertension and central 
obesity but not the weakness 
and striae. The postoperative diurnal variation of plas- 
ma 17-OH-CS (Fig. 5) was determined one year after 
surgery. ' 


C, female Obesity and diabetes were present for eight years and 
hirsutism for three years before surgery. There was no 
hypertension. 


D, female Three years after surgery, obesity, easy bruising and 
red full face reappeared. At this time the diurnal varia- 
tion of plasma 17-OH-CS (Fig. 5) was determined. The 
preoperative weakness, acne, hirsutism, striae and hy- 
pertension have not recurred to date. 


E, female Five years after surgery, central obesity and hyperten- 
sion again developed, but the preoperative weakness, 
easy bruising, red full face, hirsutism and edema have 
not recurred to date. The diurnal variations of plasma 
17-OH-CS (Fig. 5) were determined six (E,) and seven 
(Es) years after surgery. 


DISCUSSION 


Methods are available which will detect blood concentrations of ACTH 
as low as 0.005 milliunit per milliliter (5). Using these methods, increased 
concentrations of ACTH have been demonstrated in the blood of patients 
with primary adrenal insufficiency and in some cases of the adrenogenital 
syndrome, but not in the blood of “‘unstressed’”’ normal subjects (4, 5). 
Hale et al. (12) estimated that intravenous infusions of ACTH at a rate as 
high as 6 1. u. per day would not lead to detectable concentrations of blood 
ACTH. In the present investigation 7 young men received infusions of 
ACTH at a rate between 1.5 and 5 1.v. per day for four-day periods. In 
each subject the particular lot of ACTH was given at a rate estimated to 
approximate the endogenous rate of ACTH secretion during the early 
hours of the morning.! Administration of ACTH at these rates resulted in 


1 The response of normal subjects to intravenous infusion of 25 1.u. of ACTH over 
six-hour periods did not differ in degree when the source of ACTH was whale, pig, sheep 
or cattle pituitary or when the products of several different manufacturers were com- 
pared (13). In a previous investigation of the response of the plasma 17-OH-CS level 
to small doses of ACTH (7), two different lots of ACTH from The Upjohn Company 
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Fia. 4 (left). Preoperative diurnal variations of plasma 17-OH-CS concentration in 2 
cases of Cushing’s syndrome with adrenal hyperplasia (solid lines connecting circles), 
and the mean values for the 7 normal subjects (dashed lines connecting dots) under 
control conditions. 

Fia. 5 (right). Diurnal variations of plasma 17-OH-CS concentration in 4 patients 
with recurrence of Cushing’s syndrome after partial adrenalectomy. 


TABLE 3. PLASMA 17-HYDROXYCORTICOSTEROIDS IN 2 PATIENTS WITH 
CUSHING’S SYNDROME 


Plasma 17-OH-CS (yug./100 ml.) 
8:00 a.m. 4:00 p.m. 


25 24 
24 22 


16 22 


Patient 


Cc 


D 


sustained elevations of the plasma 17-OH-CS level in 4 of the 7 subjects. 
In 5 of the 7, the response of the plasma 17-OH-CS level to maximal stimu- 
lation with ACTH, when tested two hours after ending the constant infu- 
sion, was increased above the control response. Neither the sustained ele- 
vation of plasma 17-OH-CS concentration during the constant ACTH 
infusion nor the responsiveness to maximal stimulation with ACTH was 
‘as marked as in cases of Cushing’s syndrome associated with adrenal hyper- 
plasia (14, 15). In the normal subjects, however, the infusion of ACTH 
was of only four days’ duration, whereas the course of Cushing’s syndrome 
usually extends over a period of many years (16). The fairly constant ele- 


were used. These lots of ACTH were much more potent than the present lots. Ap- 
parently, variations in potency between different lots of ACTH may be significant when 
less than maximal ACTH stimulation is studied. 
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vation of the plasma 17-OH-CS level with loss of normal diurnal variation 
during the constant infusion of ACTH in the normal subjects and the in- 
creased responsiveness to maximal stimulation with ACTH simulate the 
pattern of plasma 17-OH-CS seen in patients with Cushing’s syndrome. 
Thus, the possibility that Cushing’s syndrome associated with adrenal 
hyperplasia may result from increased secretion of ACTH cannot be ex- 
cluded on the grounds that increased biood levels of ACTH were not dem- 
onstrated in these cases. . 

If we assume that there is a relatively constant rate of secretion of ACTH 
in Cushing’s syndrome associated with adrenal hyperplasia, it would be 
reasonable to expect the secretion of ACTH to be in small, rather than in 
large amounts. The constant infusion of a large amount of ACTH into 
normal subjects results in plasma 17-OH-CS concentrations that are con- 
siderably higher than the control levels seen in patients with Cushing’s 
syndrome and adrenal hyperplasia (7, 9). In 51 normal subjects the average 
8:00 a.m. plasma 17-OH-CS concentration was 16 ug. per 100 ml. with a 
standard deviation of 6.3 (17). The mean preoperative plasma 17-OH-CS 
concentration in the patients with Cushing’s'syndrome reported here was 
22 ug. per 100 ml.—only slightly higher than the average 8:00 a.m. level 
in normal subjects, and a value within the range induced in 4 normal sub- 
jects by the constant infusion of small amounts of ACTH. 

The implication of the present investigation, namely, that patients with 
Cushing’s syndrome and adrenal hyperplasia may secrete ACTH at a rate 
greater than is normal, need not imply that the rate of ACTH secretion 
by these patients exceeds the maximum rate of secretion of ACTH by “‘un- 
stressed” normal subjects in the early morning. Rather, it is presumed that 
the abnormality of secretion of ACTH in these patients is characterized by 
the relatively constant secretion of ACTH at a rate which must exceed 
normal during at least part of the day. In the past, speculation as to the 
etiology of Cushing’s syndrome with adrenal hyperplasia has been ham- 
pered by the assumption that large amounts of ACTH must be involved. 
The present data indicate that Cushing’s syndrome associated with adrenal 
hyperplasia may result from a fairly constant secretion of a small amount 
of ACTH by the pituitary gland, 7.e., pituitary “dribbling” of ACTH. The 
data do not indicate, however, the site of the abnormality that ultimately 
may result in the constant secretion of ACTH. The site may be in the 
hypothalamus, the pituitary, in the interconnecting pathways or in some 
other controlling mechanism. 
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ABSTRACT 


A patient is described in whom adrenal insufficiency resulted from failure of 
adrenocorticotropin secretion. Thyroidal function was normal and gonadal 
function was only questionably impaired. At autopsy, the basophil cells of the 
anterior pituitary gland were markedly decreased in number. The hypo- 
thalamus was normal. 


XCEPT for pituitary hypogonadism, diminution or absence of one 

tropic function of the human pituitary gland without serious depres- 
sion of others is an unusual occurrence. Maddock et al. (1) and Myers et al. 
(2) described 4 patients in whom normal thyrotropic function was asso- 
‘ciated with deficiencies of adrenocorticotropin and gonadotropin. These 
patients had severe signs and symptoms of hypogonadism together with 
adrenal insufficiency. The adrenal abnormalities were corrected by adreno- 
corticotropin therapy, but the testicular hypofunction did not respond to 
chorionic gonadotropin, and testosterone replacement was necessary. 
Steinberg et al. (3) observed a woman in whom characteristic Addison’s 
disease with pigmentation had existed for twenty years. In this patient, 
thyroid and ovarian function were normal and the administration of 
adrenocorticotropin restored adrenal function to normal. 

The concept that the individual functions of the anterior hypophysis are 
independent of one another is widely accepted. Studies using various spe- 
cial stains of rat pituitaries under different experimental conditions have 
led to the tentative conclusion that thyrotropin, gonadotropin and adreno- 
corticotropin are each derived from different basophilic cells in the hy- 
pophysis (4-6). However, the specific relationship of the different types 
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of basophils to each tropic hormone is less clear (7, 8), and the significance 
of the findings in rats in relation to human pituitary function is uncertain. 

In the patient to be described, severe deficiency of adrenocorticotropin 
was associated with normal thyrotropic function and only minor abnor- 
malities of gonadotropic function. At autopsy, there was a marked diminu- 
tion in the number of pituitary basophils. 


CASE SUMMARY 


The patient was a 49-year-old man. One month before admission, weakness and 
mental confusion had developed. Two weeks later, an upper respiratory infection was 
followed by persistent nausea and vomiting. One day before admission, he became 
lethargic and then semicomatose. 

First admission (Décember 22, 1958). The blood pressure was 95/60 mm. Hg; the 
pulse, 96 per minute. The patient was stuporous and severely dehydrated. There was 
generalized spasticity of the extremities; deep tendon reflexes were hypoactive. The 
remainder of the physical examination findings were normal. There was no abnormal 
pigmentation. 

Laboratory findings. The volume of packed red cells, the leukocyte count and the 
differental count were normal. Urinalysis and examination of the stool yielded normal 
findings. The concentration of cerebrospinal fluid protein was 47 mg. per 100 ml. (nor- 
mal 15 to 50 mg. per 100 ml.). The levels of blood glucose and urea nitrogen and the 
results of liver function tests were normal. The level of serum sodium was 90 mEq. per 
liter, and chloride 71 mEq. per liter. The electrolyte data and results of adrenal function 
studies throughout the course of the patient’s illness are listed in Table 1. 

Course. After the administration of isotonic solution of sodium chloride, the patient’s 
sensorium improved, although some confusion persisted. Height and weight, measured 
after the initial improvement, were 673 inches and 110 pounds, respectively. The con- 
centrations of serum sodium and chloride increased. Roentgenograms of the chest, 
abdomen, skull, pelvis and gastro-intestinal tract revealed no abnormalities. A pneu- 
moencephalogram showed minimal dilatation of the ventricular system. A definitive 
diagnosis was not established and the patient was discharged from the hospital to be 
cared for in a nursing home. 

Interval. For ten months there was little change in the patient’s condition. After that 
time nausea, anorexia and intermittent vomiting recurred, and he lost 18 pounds in 
the next three months. 

Second admission (January 31, 1955). The blood pressure was 100/60 mm. Hg; 
pulse, temperature and respirations were normal. The patient appeared older than his 
stated age and was severely dehydrated. The skin was dry and somewhat scaly. The 
heart tones were distant; no murmurs were heard. The prostate. was twice normal size, 
soft, and slightly tender. At the time of a subsequent hospital admission prior to be- 

- ginning androgen therapy, the prostate was normal. The deep tendon reflexes were 

hyperactive; the plantar responses were extensor. The remainder of the physical exami- 

nation showed nothing abnormal. 

Laboratory findings. The volume of packed red cells was 33 per cent; the leukocyte 
count was 6,600 per cu. mm., with a normal differential count. The serum sodium level 
was 117 mEq. per liter (Table 1). 

Endocrine evaluation. Thyroid—The basal metabolic rate was —10 per cent. The 
serum protein-bound iodine level was 5.9 and 6.6 ug. per 100 ml. on two occasions, and 


| 
sig 


September, 1960 SELECTIVE HYPOPITUITARISM 


TABLE 1. CLINICAL AND LABORATORY DATA BEFORE, DURING AND AFTER 
TREATMENT witH ACTH 


,|Dec. 30,| Feb. 6, | Feb. 8, | Feb. 26, |March 24, a 14, | May 12, |Jan 21, 1957 
1953 1955 1955 1955 1955 1955 1955 (at death) 


Therapy NaCl | None | None | None | Acthar- | Acthar- | DCA, Hydrocor- 
gel, 40 gel, 40 3 mg./ tisone, 20 
vu. /day u./day day mg. /day 
Blood pressure (mm. Hg) 100/70 90/50 | 100/60 | 126/80 102/72 112/70 
Body weight (Ibs.) 113 111 120 122 122 97 
Blood glucose (mg. /100 ml.) 75 
Serum sodium (mEq./L.) 120 


Serum potassium (mEq. /L. 3. 
Serum 


(mEq. /L.) 
Serum (mEq. /L.) 
Urinary (mg./24 hrs.) 


7-ketosteroi 
17-OH-coriicosteroids 


lent /2 


Plasma 
/100 ml.) 


25 1.u. i.v. (6 hrs.) 
Water test (vol. urine, ml.) 
Ni 


Day (max. hourly volume) 


the 24-hour thyroidal uptake of I'*! was 39 per cent. Gonads—The patient stated that 
libido, erection and ejaculation were normal. A testicular biopsy showed normal Leydig 
cells, and a small piece of epididymis contained spermatozoa. A sperm count was not 
-performed. Urinary gonadotropin! could not be detected. Adrenals—Results of the 
Kepler-Power-Robinson water test were strikingly abnormal (Table 1). The oral glucose 
tolerance test showed a flat curve (fasting, blood sugar level, 75 mg.; thirty minutes, 83 
mg.; sixty minutes, 105 mg.; one hundred and forty minutes, 80 mg.; one hundred and 
eighty minutes, 80 mg.; and two hundred and forty minutes, 64 mg. per 100 ml.). The 
24-hour urinary excretion of 17-ketosteroids was 5.6 mg. and of 17-hydroxycorticoster- 
oids, 0.5 mg. Urinary aldosterone? excretion, measured while the patient was receiving 
normal quantities of sodium, was 42 ug. of desoxycortisone acetate equivalent per 
twenty-four hours (over 1 ug. of aldosterone)—a low normal value. The concentration 
of plasma 17-hydroxycorticosteroids was not measurable by the technique of Eik-Nes 
(9) (less than 2 wg. per 100 ml.). On two occasions intravenous administration of 25 1.v. 
of adrenocorticotropin over a six-hour period resulted in a rise of the plasma 17-hydroxy- 
corticosteroid level to 15 wg. per 100 ml.—a subnormal response-(Fig. 1). 

Therapy. Intramuscular administration of 40 1.u. of Acthar-gel per day was begun on 
March 12, 1955, and continued for thirty-seven days. Within four days after the institu- 
tion of therapy, nausea and vomiting stopped and the patient experienced a marked in- 
crease in appetite; after two weeks of therapy, he felt completely well. During this time, 


1 Determination kindly. performed by Dr. Carl Heller, University of Oregon School 
of Medicine. 

2 Determination kindly eile by Dr. John Luetscher of Stanford University 
School of Medicine. 
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the abnormal neurologic signs disappeared, the blood pressure increased and the serum 
electrolyte levels became normal. Furthermore, during therapy the fasting plasma 17- 
hydroxycorticosteroid levels were 8 wg. and 11 yg. per 100 ml. on two occasions, and 
the plasma steroid response to infusion of adrenocorticotropin became normal (Fig. 1). 
On April 18, 1955, adrenocorticotropin was discontinued and intramuscular desoxycorti- 
costerone acetate in oil (3 mg. per day) was begun. With this therapy, nausea and 
vomiting returned and the plasma 17-hydroxycorticosteroid response to intravenous 
adrenocorticotropin reverted to the pre-adrenocorticotropin range. Medication was 
changed to hydrocortisone, 20 mg. per day. The patient improved once more and he 
was discharged from the hospital on June 8, 1955. 

Interval. During the next eighteen months, hydrocortisone was continued orally in a 
dosage of 30 to 40 mg. per twenty-four hours. Blood pressure and hydration remained 
normal in spite of the fact that the patient required admission to the hospital on six 
occasions for subtotal gastrectomy for a benign gastric ulcer, for diagnosis and roentgen 
therapy for carcinoma of the esophagus, and for gastrostomy. On November 8, 1955, 
during one of these admissions, methyltestosterone (10 mg. twice a day) was added to 
the hydrocortisone; there was only an equivocal change in the patient’s status. The last 


PLASMA 1!7-OH CS. X¥/100 mi. 


Fig. 1. Responses to intravenous ad- Fig. 2. Atrophic adenohypophysis. 
renocorticotropin before (February 8 and This section was taken near the center of 
26), during (March 24 and April 14) and the gland and the anatomic landmarks 
after (May 12) intramuscular therapy are not apparent. However, there was no 
with adrenocorticotropin. The normal evidence of adenoma formation. (Hema- 
range is denoted by the stippled area in  toxylin and eosin, reduced from 100.) 


the graph. 
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months of life were marked by weight loss, inability to swallow, chest pain and severe 
cough. He died on January 22, 1957. 

Autopsy findings. The autopsy (A-2825) was performed six hours after death. There 
was emaciation and atrophy of the organs. The abdomen contained 600 ml., the right 
chest 200 ml., and the left chest 100 ml. of a clear greenish-yellow fluid. However, no 
subcutaneous edema was detected. There was a large ulcerated epidermoid carcinoma 
of the esophagus, 5 cm. in diameter, at the level of the bifurcation of the trachea. In its 
center a fistula 1 cm. in diameter communicated with the left main bronchus 1 em. distal 
to the carina of the trachea. Tumor infiltrated the tissues surrounding the esophagus but 
no metastases were found. The tumor did not invade or obstruct the great vessels. 
There was extensive lobular pneumonia, maximal at the left lung base, from which 
Escherichia colt and nonhemolytic streptococci were cultured. Cultures of the heart 


Fig. 3. Adenohypophysis near rostral capsular surface. The only two beta cells in a 
single sagittal section of the gland are shown (arrows) stained with methyl blue of the 


Mann stain (560). 


we, 
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blood also yielded Escherichia colt. In the portion of stomach remaining, there was a 
small gastrostomy into which a tube passed via a left para-rectus incision. 

The endocrine glands were small but not equally so. The hypophysis weighed only 
365 mg.; the posterior lobe appeared,normal but the anterior lobe was much smaller 
than normal. The adrenal glands were normally shaped but were very small, the right 
weighing 2.5 Gm. and the left 3.2 Gm.; the narrow cortices were uniformly yellow. The 
thyroid gland was symmetrical, and weighed 9.5 Gm.; the cut surface was normal. The 
right testes weighed 9.5 Gm. and the left, 10 Gm.; the cut surfaces were normal. The 
prostate was very small. ; 

The brain weighed 1,280 Gm. It had normal leptomeninges and vessels. The tuber 
cinereum bulged slightly but no other abnormality was noted externally. The cut sur- 


Fig. 4. Adenohypophysis near rostral capsular surface. The only two beta cells in 
another sagittal section of the gland are shown (upper arrows) stained with the Schiff 
reagent applied following periodic acid. Some coarser periodic acid-Schiff-positive drop- 
lets are shown (lower arrow) which also stained with Gomori’s aldehyde fuchsin ( < 560). 
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faces showed no lesions. There was no cortical atrophy. The ventricular system was 
normal. Step-sections were made through the hypothalamus on each side. 

Histologic examination of the endocrine glands showed only one striking abnormality. 
The beta-cells of the adenohypophysis were almost totally lacking. Only half of the lobe 
could be sectioned, since the other half was used for biologic assay. A low-power view of 
the pituitary is shown in Figure 2. Complete step-sections in the sagittal plane through 
this half showed only 1 to 3 small beta cells per 6-micron section. These few cells con- 
tained numerous closely packed coarse granules that stained deeply with methyl blue 
in the Mann stain (Fig. 3) and with Schiff’s reagent applied following periodic acid ac- 
cording to the Hotchkiss technique (Fig. 4). No large degranulated basophils were 


~ Fig. 5. Neurohypophysis, completely 
lacking basophil cells. (Hematoxylin and 
eosin, reduced from X100.) 


found. There was a normal proportion of well granulated eosinophils. The rest of the 
cells were small chromophobes. The neurohypophysis showed no abnormality when the 
foregoing stains were used, nor with hematoxylin and eosin. However, no basophil cells 
were seen (Fig. 5). The hypothalamus was normal. The right paraventricular and 
supraoptic nuclei are shown in Figures 6 and 7. 

The adrenocorticotropin content of the pituitary gland was measured by the adrenal 
ascorbic-acid depletion method.* With this technique, 1/100 of the adrenocorticotropin 
present in a normal pituitary can be detected. No adrenocorticotropin was demon- 
strable in the gland from this patient. 


DISCUSSION 


Panhypopituitarism usually is characterized by the sequential loss of 
gonadotropic, thyrotropic and adrenocorticotropic function (10). The 


3 Determinations kindly performed by Dr. George Sayers, Department of Physiology, 
Western Reserve University School of Medicine, Cleveland, Ohio. 
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pituitary failure in our patient differed from this classic picture in several 
respects. First, thyroid function was normal, as demonstrated by a normal 
basal metabolic rate, normal serum protein-bound iodine level and normal 
thyroidal I'*! uptake. Second, whereas complaints concerning gonadal 
function are a major reason for seeking medical attention in cases of pan- 
hypopituitarism as well as in the reported cases of partial pituitary failure 
(1, 2), our patient never had symptoms of decreased gonadal function. In 
addition to normal libido, erection and ejaculation, he had normal Leydig 
cells and spermatozoa as shown by testicular biopsy. Urinary 17-keto- 
steroids, although low, were detectable. It is not certain, however, that 
gonadal function was entirely normal. Failure to demonstrate gonado- 
tropins in the urine of a 49-year-old man is unusual. It is well known that 
bioassay of gonadotropins in human urine is subject to considerable tech- 
nical error. Nevertheless, the observation that the numbers of delta cells, 
the presumed site of origin of gonadotropins, often are found to be reduced 
in the pituitaries of patients with a variety of chronic diseases (8) suggests 
that the absence of urinary gonadotropins i in the present case may have 
been related to the chronic illness. 


Fig. 6. Right paraventricular nucleus Fig. 7. Right supraoptic nucleus show- 
showing normal appearance of neurons. ing normal appearance of neurons. (Hema- 
The black line on the right margin is an _ toxylin and eosin, reduced from 100.) 
India ink mark on the ventricular lining 
to localize the nucleus. (Hematoxylin and 
eosin, reduced from X100.) 
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The adrenal insufficiency in our patient was severe. Hyponatremia, hypo- 
tension and dehydration, together with nausea, vomiting and weight loss, 
all occurred when specific therapy was withheld. The absence of plasma 17- 
hydroxycorticosteroids prior to adrenal stimulation with adrenocortico- 
tropin, and the return of normal levels of 17-hydroxycorticosteroids and of 
a normal response to intravenous adrenocorticotropin after administration 
of Acthar-gel, are characteristic of adrenal insufficiency secondary to a 
pituitary lesion. 

Normal pigmentation of the skin also is characteristic of adrenal insuffi- 
ciency of pituitary origin. Our patient had normal skin pigment as did 
those of Maddock et al. (1) and Myers et al. (2). It is of interest that the 
patient of Steinberg et al. (3) was deeply pigmented. We have no explana- 
tion for this interesting finding. i 

A confusing feature of the present case was the persistent clinical evi- 
dence of salt depletion. Patients with panhypopituitarism, as a rule, do not 
have serious symptoms of salt depletion (10). This has been explained on 
the assumption that aldosterone secretion is largely independent of adreno- 
corticotropin. In our patient, urinary aldosterone was low but within the 
normal range. However, when he was not receiving therapy, plasma 17- 
hydroxycorticosteroids were undetectable and urinary 17-hydroxycortico- 
steroid excretion was extremely low. Based on observations in a series of 
patients with congenital adrenal hyperplasia, Eberlein and Bongiovanni 
have postulated that small amounts of hydrocortisone are necessary for 
aldosterone to exert its action on renal tubular salt conservation (11). In 
view of the extremely low 17-hydroxycorticosteroid levels, this mechanism 
may account for the salt depletion in our patient. It is noteworthy that the 
electrolyte abnormalities were completely corrected by therapy with adre- 
nocorticotropin or hydrocortisone.- Therefore, although aldosterone de- 
ficiency may have played an accessory role in the clinical manifestations of 
the adrenal insufficiency, the major functional defect would appear to have 
been failure of adrenal secretion of hydrocortisone secondary to adreno- 
corticotropin deficiency. This conclusion is supported by the fact that the 
hypophysis of this patient contained no adrenocorticotropin, in marked 
contrast to the normal human pituitary gland which contains approximately 
20 1.u. of adrenocorticotropin (12). 

Although we presume from the history of our patient that the adreno- 
corticotropin failure developed in adult life, the nature and location of the 
primary lesion remain unknown. Recent studies have shown that various 
areas in the hypothalamus may be important in the regulation of the secre- 
tion of thyrotropin (13), gonadotropin (14) and adrenocorticotropin (15). 
In this patient, the initial findings of spasticity of the extremities, extensor 
plantar responses and minimal dilatation of the cerebral ventricles sug- 
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gested the presence of a generalized cerebral disorder. However, the cere- 
bral cortex and the hypothalamic nuclei were normal at autopsy. In addi- 
tion, the neurologic abnormalities improved following institution of adreno- 
corticotropin therapy. 

The major histologic finding at autopsy was almost total absence of 
basophils from the pituitary gland. To our knowledge, this finding has not 
been reported previously in hypopituitarism. It is well known that pituitary 
basophils are altered in primary adrenal insufficiency (16). If the decrease 
in basophils in this patient were the result of the adrenal insufficiency 
rather than causally related to it in some way, one would have expected to 
see the return of basophils during steroid therapy. That they did not re- 
turn suggests that the decrease was related in this case to a primary de- 
ficiency of adrenocorticotropin, and supports the concept that the site of 
origin of adrenocorticotropin in the hypophysis is in the basophil cells. 

It is of interest that thyrotropic function was normal and gonadotropic 
function was only questionably reduced in the presence of a marked de- 
crease in pituitary basophils. The few basophilic cells in the pituitary gland 
showed staining characteristics like those attributed to cells thought to 
produce thyrotropin and gonadotropin in rats. We cannot state to which 
hormones these cells were related in our patient. 
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ABSTRACT 


Among 206 carcinomas of the thyroid, 10 cases of large-cell carcinoma were 
observed. This type of malignant goiter has been described previously in 
Switzerland but it is not mentioned in the American literature. It is composed 
of very large cells but it does not present the pleomorphism seen in giant-cell 
carcinoma, and it is much less malignant. 


LTHOUGH there is general agreement that papillary carcinomas of 
A the thyroid are much less malignant than solid carcinomas, few stu- 
dents of goiter seem to realize that the solid carcinomas may vary mark- 
edly in structure and clinical behavior (1). There is one type of solid car- 
cinoma, previously described by Wissmer-Kowarsky (2), which is com- 
posed of very large cells but does not exhibit the pleomorphism observed 
in giant-cell carcinoma and has a much better prognosis. Ten cases are 
presented in this report. 

CLINICAL MATERIAL 

During the past twenty years, 10 cases of solid large-cell carcinoma of the thyroid were 
treated at the Hertzler Clinic. Four patients were males and 6 were females. The ages 
ranged from 54 to 72 years at the time of operation; the average age was 59.8 years. 
The patients had noticed enlargement of the neck for from one to fifty-eight years and 
the average duration of the goiter previous to operation was estimated to be 4.5 years. 
In addition to enlargement of the neck, loss of weight had been noted in 2 patients, 
shortness of breath in 2, a choking sensation in 1, cough in 1, and a rapid increase in size 
of a long-standing goiter in 2. ts 

The clinical diagnosis was solitary adenoma in 6 cases, and cancer was suspected in 
4. Two patients had undergone previous operations for benign nodular goiter, ten years 
and five and a half years respectively before admission. In 2 cases evidence of pul- 
monary metastasis was present on admission. One tumor appeared inoperable; there- 
fore only biopsy was performed, followed by deep x-ray therapy. One patient was 
treated by bilateral subtotal thyroidectomy, and 8 by lobectomy. In no instance was 
radical neck dissection performed; neither was isotope therapy used. 


PATHOLOGIC AND CLINICAL FINDINGS 
Pathology 


Gross. The weight of the surgical specimens varied from 12 to 155 Gm. 
In 6 cases a solitary node was found; in 2 instances there were multiple 
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nodes. In 2 cases the tumors were less than 4 cm. in diameter, and in 3 cases 
more than 8 em. The color of the cut surface of the firm, solid tumors varied 
from brain-like white to amber. In most cases invasion of the capsule was 
evident to the unaided eye. 

Microscopic. All tumors were characterized by the very large size of the 
cells and nuclei (Figs. 1-4). Although there was some variation in the form 
and size of cells, there was complete lack of the polymorphous cells seen in 
giant-cell carcinoma. The borders of the cells were distinct in 4 cases (Fig. 
2). In the other 6 the outlines of the cells were indistinct, the cytoplasm 
was finely granular and neutrophilic and the forms of the cells varied in 
the same specimen, being cuboidal, round or polyhedral in the same micro- 
scopic field. The size of the tumor cells varied from 17 to 22 microns, and 
the diameter of the nuclei ranged from 8 to 12 microns. The cells were ar- 
ranged mostly in sheets and strands of varying width separated by fibrous 
stroma (Fig. 4). There was no amyloid degeneration of the stroma. Al- 
though follicles were never present, occasionally small droplets of colloid 
were noticed within the solid cell groups. Invasion of blood vessels was 
frequently seen, and in 8 cases the tumor had invaded the fibrous capsule 
of the thyroid. 


Fig. 1. Large-cell tumor of the thyroid in a 65-year-old female. The average diameter 
of the cells was 22 microns. The patient died of her disease seven years after right lobec- 
tomy and re-removal of cervical glands. (Reduced from 450.) 
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Fig. 2. Large-cell tumor of the thyroid in a 54-year-old male. Distinct cell borders. 
The average diameter of the cells was 23 microns. Occasionally, globules of colloid were 
seen in the cell masses. (Reduced from 450.) 


Fig. 3. Invasion of thyroid tissue by large-cell tumor in a 56-year-old male. The 
patient died from lung metastases, two years after left lobectomy. (Reduced from 
150.) 
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Fie. 4. Large-cell tumor of the thyroid in a 57-year-old male. Tumor cells are ar- 
ranged in strands and have indistinct cell borders. Patient died of pneumonia five days 
after operation. (Reduced from X 450.) 


Follow-up studies 


The period of observation after operation varied from two to fifteen 
years. At present only 1 of the 10 patients is without evidence of disease 
fifteen years after operation. Another patient is alive, but has a large 
tumor in the neck, two and a half years after biopsy and x-ray treatment. 
Eight patients are dead, 3 from pulmonary metastases. One patient was 
followed for six years and another for seven years after operation. Five 
patients died nine months to two years after thyroidectomy. There was 1 
postoperative death from pneumonia. The five-year survival rate in this 
series was 33 per cent. 


DISCUSSION 


The only paper in the literature which mentions large-cell carcinoma of 
the thyroid is that by Wissmer-Kowarsky (2). Among 33 cases of malignant 
goiter she found 4 that had been examined at autopsy and had showed the 
terminal picture of the disease. No clinical data were available, and for 
only 1 patient (a 62-year-old male) was the age given. This man had a large 
carcinoma of the left lobe of the thyroid, which had invaded the left jugular 
vein and the neck muscles. Microscopic examination revealed large cells of 
cuboidal, oval or polyhedral form. The cytoplasm was abundant and the 
nuclei were hyperchromatic. Follicles or colloid were not seen. The fibrous 
septa varied in width. 
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The second patient was a female who died one day after admission to 
the hospital. The carcinoma involved both lobes of the thyroid and had 
metastasized to both lungs and the bronchial lymph nodes. There were 
also secondary tumors in the adrenals, in the iliac bone and in the pelvic 
lymph nodes. Microscopic examination showed large cells with vesicular © 
nuclei and prominent nucleoli. The form of the tumor cells was polyhedral 
and some were columnar. 

In the third case the tumor had invaded the trachea. The tumor cells 
had the same characteristics as in the other cases. In the fourth patient 
the tumor had spread to the trachea and had metastasized to the liver, 
both kidneys, and the clavicle. The tumor cells were arranged in strands 
separated by narrow fibrous septa. The large cells were cuboidal or colum- 
nar, and the nucleus was hyperchromatic. 

Wissmer-Kowarsky pointed out that her 4 cases did not correspond to 
Langhans’ (3) description of medullary carcinoma of the thyroid. The 
tumors in his 2 cases were characterized by the small size of the cells, 
whereas the tumors described by. Wissmer-Kowarsky had very large cells 
with abundant cytoplasm. Langhans observed metastases by way of the 
lymph vessels, whereas Wissmer-Kowarsky noticed direct extension of the 
tumor to adjacent organs and multiple metastases by way of the blood 
vessels. 

In describing medullary carcinoma, Wegelin (4) mentions briefly that 
some of his tumors were composed of large cells with nuclei measuring up 
to 20 microns. Recently Hazard and co-workers (5) described as a clinico- 
pathologic entity a tumor characterized by a solid histologic pattern, a 
constant presence of amyloid in the stroma and a high, incidence of metas- 
tases to lymph nodes. The cells in this medullary tumor were of medium 
size and varying form. Hazard et al. separated this type of carcinoma from 
the more malignant anaplastic thyroid carcinoma because 12 of their 21 
patients survived operation for more than five years. 

The type of tumor which Lev and associates (6) described as large-cell 
carcinoma apparently is not the same as that described by Wissmer- 
Kowarsky, but corresponds to the so-called giant-cell carcinoma of Frazell 
and Foote’s (7) terminology—a much more malignant tumor. 
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ABSTRACT 


The report is presented of a boy with precocious puberty as well as petit-mal 
and grand-mal epilepsy. Urinary titers of follicle stimulating hormone and 
interstitial-cell stimulating hormone weré abnormally high. The urinary out- 
put of 17-ketosteroids, determined repeatedly, was never found to be elevated. 
A deep-seated central lesion in the brain was diagnosed by electroencepha- 
lography, but was not revealed by air encephalography on repeated occasions. 
At necropsy a hamartoma, 1.5 em. in diameter, was identified in the tuber 


cinereum. 
INTRODUCTION 


RECOCIOUS puberty is reported as being associated with a great va- 

riety of organic lesions of the central nervous system. David, de 
Ajuriaguerra and Bonis (1), and List et al. (2) have made recent surveys of 
the published reports. Some of the cases closely resemble the one reported 
here. In only a few instances were hormone assays made. In our patient re- 
peated determinations were made of the output of urinary 17-ketosteroids 
and total gonadotropin (follicle stimulating hormone (FSH) and intersti- 
tial-cell stimulating hormone (ICSH)). The results of these assays were 
informative, since they were not consistent with a diagnosis of pubertas 
precox of adrenal origin. 


CASE REPORT 


Clinical data 


History. The patient was a male born in May 1946, at full term, weighing 6 pounds 
10 ounces. The parents were normal. Early development was said to be normal; at 
the age of 7 months he sat up, at 1 year he started to walk, and at 1} years he was talk- 
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ing. Before he was 1 year old, his parents noticed that his genitalia were unusually large. — 
Because of this precocity, a physical examination was made when he was | year old, 
and again six months later. Air encephalograms were obtained at the time of both of 
these examinations. The results were said to be normal, and no cause for the precocity 
was found. 
Apart from rapid growth and sexual pre- 

cocity, the boy did not display any abnor- 

mal symptoms or signs until the age of 5} 

years, at which time episodes of petit mal 

appeared, followed by short periods of 

automatism and disorientation. At the age 

of 6 years, air encephalograms again were 

made, with negative results. The patient 

was given phenobarbital and trimethadione 

in order to control the episodes of petit mal. 

Physical examination. When first ex- 

amined here in November 1952, the patient 

was 6} years old. His physical appearance 

was that of a boy 12 or 13 years old. His 

height was 563 inches and his weight was 84 

pounds (average for a 63-year-old boy: 

height 46.1 inches, and weight 45.9 pounds) 

(3). There was acne over the face and 

shoulders. Muscular development was great- 

er than average for the age of 12 years; the 

muscles of his upper arms and thighs pro- 

truded like those of an 18-year-old athlete 
. (Fig. 1). Not only did the penis correspond 

in size to that of a normal boy aged 16 or 

beyond, as it does in adrenogenital syn- 

drome, but the testes also were of a size nor- 

mal for late adolescence, and the prostate 

was palpable. He had abundant pubic hair 

with masculine distribution, and his voice 

was already low-pitched. The blood pres- 

sure, measured frequently, was usually in 

the range of 110 or 120 mm. Hg systolic, 

and 60 mm. diastolic. The intelligence Fia. 1. Precocious puberty in a 
quotient was 135, but there was lack of boy aged 63 years. 

power of concentration and of interest. On 

occasions, increased sex drive was noted. Penile erections were unduly frequent and 
at times unusually erotic behavior was observed. 


Special studies 

A roentgen survey of the patient’s skeleton revealed fusion of all epiphyses at the 
right elbow and all the phalangeal bones of both hands. The epiphyses of both hip joints 
also were fused. The distal epiphyses of the radius and ulna were not united, nor were 
the proximal ends of the humeri or the proximal ends of the fibulae. There was partial 
union at the proximal ends of the tibiae and the distal ends of the femurs. The bone age 
was estimated to be between 17 and 18 years. 
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An air encephalogram revealed good filling of the ventricular system and no dis- 
proportions; there was no evidence of encroachment of a space-occupying lesion upon 
the third ventricle. Retroperitoneal insufflation of air did not demonstrate any evidence 
of an adrenal tumor. An electroencephalogram was almost completely lacking in normal 
alpha rhythm, and there was a preponderance of slow (from 5 to 7 per second) waves of 
amplitudes varying from 50 to 75 microvolts. The slowing was synchronous in all leads 
and was compatible with grand-mal seizures. Spike and wave forms occurred only when 
the patient was dozing, and were not a main feature. Dr. Louis J. Karnosh stated: 
“What is most significant is a lack of cortical focus and hence this dysrhythmia is as- 
sumed to be of a deep genesis, 7.e., a lesion about or in the third ventricle.” 

Repeated assays of urinary 17-ketosteroids by the method of Klendshoff, Feldstein 

and Sprague (4) over an eighteen-month period were mostly in the range of 2 mg. per 
twenty-four hours. On two occasions the 24-hour excretion was below 1 mg., and only 
once (on the last detérmination) was it as high as 5 mg. The level of 17-ketosteroids 
was confirmed in April 1953, at the Worcester Foundation for Experimental Biology,! 
j the value reported by them being ‘0.368 mg. in 24 hours.” 
; Determinations of the 24-hour urinary FSH output were made by the method of 
Gorbman (5), the value being determined on the basis of the effect of the hormone 
upon the ovaries of immature female mice. The end-point of the assay is dependent 
upon the secondary effect of this stimulation on uterine weight. The results were as 
follows: more than 212 mouse units (once), between 105 and 212 mouse units (twice), 
between 52 and 105 mouse units (once), and between 13 and 105 mouse units (once). 
The range in normal adults with our technique is from 13 to 105 mouse units per twenty- 
four hours. The hormone is normally absent or occurs in insignificant amounts in the 
urine before the age of 12 or 13 years (8). 

The urinary ICSH output was determined by a method similar to that of McArthur 
(6), in which immature rats are used; we employed hypophysectomized immature rats. 
Measurements were also made by determining the effect of ICSH on the alkaline phos- 
phatase content of rat prostates; in this test 1 unit is defined’as the amount of ICSH 
that will double the phosphatase value in treated animals as compared with controls 
receiving saline only (7). The normal range for urinary ICSH in adults is 4 to 8 units 
per twenty-four hours. In our patient the 24-hour value was 4 units. 

Microscopic study of a testicular biopsy specimen revealed tubules of average adult 
size, and active gametogenesis with active spermiogenesis. The interstitial tissue was of 
the usual loose arrangement, with small islands of Leydig cells. The findings were iden- 
tical on both sides and were interpreted as evidence of functioning testes of the adult 


type (Fig. 2). 


Treatment and progress 


The patient was given stilbestrol, 0.25 mg. twice daily, from December 1952 until 
July 1953. During this period the sex drive and the acne disappeared. Mild gyneco- 
mastia developed. There was no consistent change in the hormone assays. The epileptic 
seizures continued in the form of petit mal, and for a short period they also appeared in 
the form of grand mal. The seizures were treated with phenobarbital and trimethadione. 
Nevertheless, the petit mal continued, and primidone was later substituted for the tri- 
methadione with better effect. The patient continued growing; his weight was 91 pounds 


1 The 17-ketosteroid assay was made through the courtesy of Betty L. Rubin, Ph.D. 
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when he was last examined by us in April 1954. He died in May 1955 at the age of 9 
years, by accidental drowning. 


Necropsy findings 


The only pathologic finding at necropsy, apart from the abnormal body size and 
sexual maturity, was the tumor. This tumor was in the tuber cinereum, bounded pos- 
teriorly by the pons, anteriorly by the infundibulum of the pituitary, and laterally by the 


Fia. 2.. Testicular biopsy showing active gameto- 
genesis with some spermiogenesis. Small islands of 
Leydig cells are present. (X110.) 


optic tracts. It was firm, 1.5 cm. in diameter, and extended about 1 em. beyond the 
base of the brain; it did not impinge upon the optic tracts, the brain stem, or the pitui- 
tary. The structure seemed to have arisen from the floor of the third ventricle and to 
have extended downward. The floor of the ventricle was smooth. There was no evidence 
of dilatation of the lateral ventricles, or any compromise of the lumen of the third 
ventricle (Fig. 3). 5 

By section of the fixed brain in the mid-sagittal line, the tumor was gray brown and 
homogeneous, with a solid appearance. Microscopic study showed that it consisted of a 
nodule of well differentiated, somewhat loosely arranged, astrocytes. Fairly numerous 
oligodendroglia were present in one patch. No neuronal cells were identifiable within the 
nodule. Adjacent to the tumor, the structure of the floor of the third ventricle was 
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moderately vascular and appeared normal with the usual neuronal pattern (Fig. 4). The 
lesion in the base of the brain was diagnosed as a hamartoma. The distinction between 
hamartoma and glioma in this area is not sharply defined. The absence of neurons in 
the tumor also made the differentiation difficult in this instance. 

The rest of the central nervous system was normal. The pineal gland was not iden- 
tified. The pituitary gland was small and firm. Microscopically the individual cells were 
present in their usual proportions, although there was a questionable increase in promi- 


Fig. 3. (Base of brain.) Ventral view of brain 
showing hamartoma projecting from the lamina ter- 
minalis between the optic chiasm and the infun- 
dibulum. 


nence of the eosinophils; the basophils were abundant. The adrenals were of the usual 


triangular shape; the right weighed 10 Gm., the left 9 Gm. (the normal weight of each 
is about 5 Gm. in the adult). They were yellow gray, and a cut section exhibited excellent 
demarcation between cortex and medulla. Microscopically the adult cortex appeared 
normal, the individual cells being well stocked with lipid. The testes were large and 
firm, with evidence of maturation. The prostate was firm and mature. Sections of the 
testes revealed marked spermatogenesis within the seminiferous tubules. The histologic 
picture was similar to that in the testes of a normal, mature, adult male. Interstitial 
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cells were present and appeared normal in number and size. The acinar structure of the 
prostate was well preserved. There were numerous corpora amylacea within the glands, 
and the fibromuscular stroma was intact. The thyroid was firm in consistency, gray 
brown, and of the usual size. Microscopically the acini of the thyroid were moderately 
uniform in size and shape and generally well filled with colloid. The epithelium was 
low cuboidal. The parathyroids were not identified. The remainder of the necropsy 
findings were noncontributory. 


Fic. 4. Section through the tumor, showing uniform 
cellularity with an occasional large form identified as a 
ganglion cell. The presence of the latter distinguished the 
tumor irom-an astrocytoma. (X150.) 


DISCUSSION 


It seems reasonable to assume that the patient’s symptoms and signs 
were related to the output of gonadotropic hormones (FSH and ICSH), 
which was increased for his age and lay in the range for a normal adult 
male. The evidence is against the hypothesis that the source of these hor- 
mones was in the tumor itself, as the tumor was composed entirely of gli- 
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oma cells with no epithelial cells or neurons of the type that are known to 
secrete hormonal compounds. In this area, lesions of non-neoplastic origin, 
and conditions such as meningitis, hydrocephalus or malformation, also 
may induce precocious puberty (1). The importance of the mammillary 
region of the hypothalamus in the regulation of the gonadotropic secretion 
from the pituitary has been amply demonstrated experimentally in animals 
(8, 9). Whether the tumor stimulated the hypothalamus directly so that 
more gonadotropins were produced, or whether it interfered with the nor- 
mal feedback-control mechanisms, cannot be ascertained from the data of 
the present case. The effect of stilbestrol therapy was evident clinically, but 
no conclusions can be drawn as to its effect in slowing the progress of the 
disease. The urinary’ 17-ketosteroid output corresponded to the normal ex- 
cretion for his chronologic age. In view of the marked masculinization, the 
androgen produced must have been of high potency. High titers of 17-keto- 
steroids are frequently seen in the adrenogenital syndrome. The findings in 
our patient do not establish the source of the androgen but seem consistent 
with the assumption that it was testicular rather than adrenal in origin. Ex- 
perimentally, chorionic gonadotropin has been shown to increase the ac- 
cumulation of cholesterol in the adrenals of castrated rats, as well as the 
ketosteroid output from their adrenals (10). It has been postulated that the 
hypertrophy of the reticular zone of the adrenal cortex in the human fetus 
is caused by the influence of chorionic gonadotropin from the placenta (11). 
On the other hand, Maddock and Nelson (12) could obtain no increase in 
17-ketosteroid output in adult human castrates after the administration of 
chorionic gonadotropin, but they found doubling of the 17-ketosteroid out- 
put following similar treatment in patients who had intact testes and Addi- 
son’s disease. Our findings seem to be confirmatory of the observations of 
Maddock and Nelson in this regard. No assays of estrogens were made in 
our case. The prompt appearance of gynecomastia after administration of 
stilbestrol in low dosage leads us to speculate that endogenous estrogens 
were not present in significant amounts; otherwise, gynecomastia presum- 
ably would have developed prior to estrogen therapy. | 
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Letters to the Editor 


PITUITARY ADRENOCORTICOTROPIN (ACTH) 
RESERVE IN MAN FOLLOWING 
PROLONGED ACTH THERAPY* 


To THE Epiror: 


Therapeutic hyperadrenocorticism may be induced by the repeated 
administration of adrenal steroids or, alternatively, adrenocorticotropin 
(ACTH). Undesirable consequences such as osteoporosis, psychosis or 
diabetes may be associated with both modes of therapy. However, the 
serious and occasionally fatal complication of adrenal insufficiency follow- 
ing the termination of iatrogenic hyperadrenalism has been associated for 
the most part with steroidal rather than with ACTH therapy. It has been 
suggested recently that prolonged administration of adrenal steroids may 
occasionally result in pituitary ACTH depletion, and also inability to 
release appropriate quantities of ACTH in response to diminished levels of 
circulating hydrocortisone (1). Pituitary function following extended 
ACTH therapy has not been studied in a similar fashion. 

In the present study, the responsiveness of the pituitary-adrenal axis 
after prolonged treatment with ACTH has been assessed by means of the 
SU-4885 [2-methyl-1,2-bis-(3-pyridyl)-1-propanone] test. The mechanism 
of action of this drug has been defined by Liddle et al. (2). The normal re- 
sponse to this amphenone analog, which is capable of selectively inhibiting 
118-hydroxylation, consists of diminished secretion of hydrocortisone re- 
sulting in increased release of ACTH, increased secretion of 11-desoxy- 
cortisol, and subsequent elevation of the urinary corticosteroids. 


PATIENTS AND METHODS | 
The subjects were 6 male patients with active pulmonary tuberculosis whose ages 
‘ranged from 24 to 55 years. In addition to the usual antituberculosis chemotherapy, 
they received depot-type ACTH daily for 132 days, according to the following schedule: 
40 units daily for one week, 30 units daily for one week, 20 units daily for 92-95 days, 
15 units daily for 7-9 days, 10 units daily for 7-11 days and 5 units daily for 6-9 days.! 


* Aided in part by Grant A-2208(C) USPHS and by a grant from The Upjohn Com- 


pany. 
1 Additional studies of endocrine function in these patients will be presented in 


another publication (3). 
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SU-4885 was in each case given orally in a dosage of 750 mg. every four hours for six 
doses. The day of starting SU-4885 administration followed the last injection of ACTH 
by twenty-eight days in Subjects J.J., H.C. and W.J., by fifteen days in Subject 
R.B., and by three days in Subjects A.T. and S.H. Successive 24-hour urine specimens 
were collected before, during and after administration of SU-4885, and ketogenic steroids 
were measured by a modification of the method of Sobel et al. (4). 


RESULTS AND COMMENT 


The results are presented in Table 1. Each of the 6 patients demon- 
strated the expected rise in urinary corticosteroids following administra- 
tion of SU-4885. When the mean corticosteroid values for each day of the 
study are compared to those of a control group consisting of 5 normal sub- 
jects, no significant differences are apparent. 

Normal responses to SU-4885 in patients who have received neclanand 
therapy with ACTH cannot be equated with normalcy of pituitary-adrenal 
function without consideration ofthe following factors: 

1. In the present study, the magnitude and duration of ACTH therapy, 
although considerable, produced no more. than minimal Cushing-like 
changes in the subjects. It is possible that the response to SU-4885 will be 
abnormal in patients who receive ACTH therapy for years in an amount 
sufficient to induce severe hyperadrenal changes. In the rat, at least, re- 
lease of ACTH from the pituitary gland is.inhibited by the prolonged ad- 
ministration of relatively massive doses of exogenous ACTH (5). 

2. A normal response to SU-4885 is not necessarily equivalent to an 
adequate pituitary-adrenal response to a stressful stimulus. Although 
Marks et al. (6) have observed apparently normal increases in plasma 
cortisol levels following surgery in 2 patients who were receiving ACTH 
therapy, the conclusion that all such patients may be expected to show 


TABLE 1. URINARY STEROID RESPONSE TO SU-4885 In ACTH- 
TREATED PATIENTS 


Subjects Day —2 Day —-1 SU-4885 


ACT H-treated 
J.J. 
= C. 


. 
| 
+ | 


o 
i.) 


8.H. 
Mean +38.£. 11.842.4 


10.8+1.7 28.4+3.1 


Control group 
(5 normal subjects) 
Mean +s.£. 12.7+1.3 10.6+2.0 35.0+3.7 


* Urinary excretion of ketogenic steroids (mg. per 24 hrs.). 


} 
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3 
Day +1 
4.2* 5.6 19.7 
- 10.8 14.0 25.9 
9.4 9.9 24.9 
W.J. 18.7 12.9 27.7 
A.T. 16.2 30.0 
6.5 42.1 
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normal adrenocortical responses to surgical trauma seems at this point to 
be premature. 


Donatp A. Houvus, M.D. 
ELEANOR Z. Wauuace, M.D. 
JosepH W. JaiLeR, M.D. 

The Departments of Medicine, Obstetrics and Gynecology, 

Columbia University College of Physicians and Surgeons and 

The Presbyterian Hospital, New York, N. Y., and 

The Department of Medicine, The State University of New York, 

College of Medicine at New York City, and 

The Medical Service (Division IT), 

Kings County Hospital, Brooklyn, N. Y., 

March 11, 1960 
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EFFECT OF PROLONGED ADMINISTRATION OF 
THYROID HORMONE ON THYROID GLAND 
FUNCTION OF EUTHYROID CHILDREN* 


THE Epiror: 

Previous investigations have shown that the administration of thyroid 
hormone to euthyroid adults will suppress the activity of their own thyroid 
gland during the time the hormone is given, but that normal activity is 
resumed in most cases after stopping exogenous hormone, even after several 
months of therapy (1-3). Data of this kind have not been reported in chil- 


* Supported in part by grant A-1710, United States Public Health Service. 
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dren, nor has the effect of continuous thyroid suppression through the 
growing years been evaluated. This report presents observations in a group 
of euthyroid children who received thyroid hormone in suppressive dosages 
for periods up to ten years. 


PATIENTS AND METHODS 


Thirteen children and adolescents, aged 9 to 17 years, were studied. None had a 
history of thyroid disorder prior to treatment with thyroid hormone, but all had been 
given crude thyroxine! by mouth for 20 to 125 months in order to determine its effect 
on various orthopedic conditions. In equivalent thyroxine doses, the average daily dose 
ranged from 0.17 to 0.4 mg. per day. 

In 8 of the patients the levels of serum protein-bound iodine? (PBI) and cholesterol 
were measured in the fasting state, and the 24-hour thyroidal radioactive iodine® (I'*) 
uptake was determined just prior to discontinuing thyroid hormone: For the latter 
determination, a dose of 1 to 2 microcuries of I'*! was given by mouth and measure- 
ments made by a scintillation detector and scaler. The I"! uptake in the neck was cor- 
rected for tissue background radioactivity by deducting a thigh count. The dosage of 
hormone was abruptly discontinued in all of the patients and the same tests were per- 
formed 32 to 62 days later; they were repeated an additional time in 2 cases. X-ray films 
of the hand and wrist, taken at different times throughout the years of clinic attendance, 
were evaluated for bone age by one of us (H.D.M.) according to the standards of 
Greulich and Pyle (4). The patients were examined at intervals of two to four months 
for six to twelve months after discontinuing the hormone. 


RESULTS 


Clinical effects. In a few patients the cessation of thyroid hormone ther- 

apy was followed by sluggishness, mental confusion, loss of appetite and 
constipation within a week or two. Normal states of health were regained 
by all the patients within two months. In several children, hyperactivity 
and insomnia which had developed while they were taking thyroxine 
diminished after the drug was stopped. One adolescent girl who had ir- 
regular menses during thyroxine administration had regular cycles after 
stopping the hormone. 

Laboratory findings (Table 1, Fig. 1). In the 8 subjects tested prior to 
discontinuing thyroid hormone, the thyroidal I'*! uptake ranged from 1 to 
11 per cent, the serum PBI level from 4.9 ug. to 15 wg. per 100 ml., and the 
serum cholesterol level from 191 mg. to 324 mg. per 100 ml. 

After the hormone was discontinued, the thyroidal I'* uptake values 
ranged from 11 to 33 per cent. In 2 patients (T.B. and 8.8.) in whom the 
values were below 15 per cent, there was a rise to 15.4 per cent on later 
retesting. The serum PBI values fell within the range of 4.3 to 7.1 ug. per 


1 Thyroxine Fraction, E. R. Squibb & Sons. 
* Determinations made by Bio-Science Laboratories, Los Angeles, California. 
3 Measurements made by Mortimer E. Morton, M.D., Long Beach, California. 
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LABORATORY DATA BEFORE AND AT VARYING 
TIMES AFTER DISCONTINUING THYROID HORMONE 


(DATA ON SAME PATIENT CONNECTED BY LINE) 
40r | 


30F 
| 
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% IN 24 HOURS 


THYROIDAL UPTAKE 
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Figure | 


100 ml. All but oe ofthe serum cholesterol values were increased after 
stopping the hormone. 

The bone age in most patients was mildly retarded prior to hormone 
therapy. At the end of the period of hormone treatment the bone age was 
slightly advanced in most patients (Fig. 2). 


DISCUSSION 


In all of the children and adolescents included in this study, thyroid 
function returned to normal (as judged by clinical signs and by laboratory 
measurements) within four months after discontinuing thyroid hormone, 
in spite of the previous administration of suppressive doses for periods of 
20 to 125 months during years of somatic growth. Whether the thyroid 
gland had maintained a normal growth in mass throughout the months 
and years of suppression in these children cannot be determined from the 
data. It is possible that the size of the gland had been inhibited and that 
return to normal function was due to a rapid growth of the gland in addi- 
tion to biochemical changes. 
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CHRONOLOGICAL AGE IN YEARS 


Figure 2 


The apparent retardation in bone age at the beginning of the treatment 
may perhaps have been correlated with the fact that most of the initial x- 
ray films were taken at a time when the patient’s general health was poor. 
By the same token, the apparent improvement in bone age during treat- 
ment with thyroid hormone may well have been related to the general 
improvement in the patient’s state of health, increased activity, and other 
nonspecific factors. 


SUMMARY 


Thyroid function was studied in 13 previously euthyroid children and 
adolescents who had been treated with thyroid hormone for 20 to 125 
months in dosages capable of suppressing thyroidal I'*! uptake. After thy- 
roid hormone was discontinued, there was a return of normal thyroid func- 
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tion as measured by clinical responses and laboratory determinations of the 
serum PBI and cholesterol levels and I'*! uptake by the thyroid gland. 
H. Davip M.D. 
Ricuarp C. M.D. 


The Department of Pediatrics, 

University of California Medical Center, 
Los Angeles 24, and the 

Adelaide Tichenor Orthopedic Clinic, 
Long Beach, California, 

March 3, 1960 
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GONADAL DYSGENESIS IN TWO SISTERS WITH 
MALE NUCLEAR SEX PATTERN AND FEMALE 
CHARACTERISTICS IN POLYMORPHO- 
NUCLEAR LEUKOCYTES 


To THE Eprtor: 

In 2 sisters presenting the clinical picture of gonadal dysgenesis—-‘‘nor- 
mal-looking females” according to Hoffenberg and Jackson (1)—a male sex 
chromatin pattern was found in the nuclei of cells of the skin and buccal 
mucosa with concomitant female nuclear characteristics in the polymorpho- 
nuclear leukocytes of the peripheral blood. The siblings, 2 brothers and an- 
other sister, were all healthy. 


CASE ABSTRACTS 


Mrs. M.K. was 40 years old, married but childless. Her height was 160 em. and 
weight 83 Kg. She had primary amenorrhea, hypoplasia of the uterus and sexual in- 
fantilism with poorly developed breasts and scanty pubic hair growth. Occasionally 
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menses had been artificially induced with hormonal therapy. No other somatic develop- 
mental anomalies in terms of Turner’s syndrome were present. 

Sex chromatin: In the cells of the buccal mucosa, from 0 to 3 per cent showed the 
characteristic chromatin in the nuclei. In the cells of the skin, the findings were re- 
peatedly negative. In the polymorphonuclear leukocytes there were 8 A-signs (drum- 
sticks) and 4 B-signs (sessile nodules), a total of 12 female signs per 500 cells. 


Mrs. M.M. was 23 years old, married but childless. Her height was 158 cm. and 


weight 51 Kg. She had primary amenorrhea, sexual infantilism and other clinical signs 
identical with those in the previous case. 

Sex chromatin: In the cells of the buccal mucosa, from 0 to 1 per cent showed the 
characteristic nuclear chromatin; in the cells of the skin, from 1 to 2 per cent. In the 
polymorphonuclear leukocytes there were 7 A-signs (drumsticks) and 8 B-signs 
(sessile nodules), a total of 15 female signs per 500 cells. 


COMMENT 


The familial occurrence of gonadal dysgenesis has already been observed. 
Elliott, Sandler and Rabinowitz (2) recently described in this Journal 3 
sisters with this disorder: however, in all 3 they found a female sex chroma- 
tin pattern. In a review of the pertinent literature up to May 1959, Lenz (3) 
failed to find any report of the familial occurrence of chromatin-negative 
gonadal dysgenesis (Ullrich-Turner syndrome). 

The discrepancy between diagnoses based on male nuclear sex (no sex 
chromatin in the tissue cells) and on female polymorphonuclear sex (pres- 
ence of characteristic chromatin in the leukocytes of peripheral blood 
smears) has already been observed by Greenblatt et al. (4), Ashley and 
Jones (5), and Overzier (6). 

The familial occurrence of gonadal dysgenesis with a male sex chromatin 
pattern lends support to the genetic concept for this disorder. The concomi- 
tant appearance of a female chromatin pattern in the polymorphonuclear 
leukocytes speaks against this finding being the result of technical error. 
Tables 1 and 2 give our findings in normal subjects (7, 8). 

In the light of new observations (9, 10), the foregoing cases of dysgenesis 
appear to be the result of an incorrect number of heterochromosomes (XO). 
The discrepancy between tissue nuclear sex pattern and leukocyte sex pat- 
tern points to the possibility of a mosaic (3, 11). 

A term that suggests itself for describing these conditions would be 


TABLE 1. PERCENTAGE INCIDENCE OF SEX CHROMATIN IN HEALTHY 
CONTROL SUBJECTS 


: No. of Arith. mean and 
Tissue Sex subjects Range (%) standard deviation P 
Buccal mucosa* M 30 2 0.36 +0.615 
F 55 20-56 30.85 +6.144 <0.005 
Skint M 53 0- 3 1.00 +0.97 
F 51 32-57 44.20+6.02 <0.01 


* Stained with Carazzi’s hematoxylin. 
Stained with hematoxylin-eosin. 


Gor 
aa 
e 


September, 1960 CHROMOSOMAL INTERSEX; MOSAIC TYPE 


TABLE 2. INCIDENCE OF NUCLEAR SIGNS IN NEUTROPHIL SEGMENTED LEUKO- 
CYTES IN HEALTHY CONTROL SUBJECTS 


No. of Range (per | Arith. mean and 


* 
Sign subjects 500 cells) {standard deviation 


Drumsticks 15 0 
A-sign 33 4-18 ; ; <0.01 


Sessile nodules 15 0- 1 
B-sign F 33 1-10 <0.01 


* Peripheral blood enriched smears stained by Kriukov-Pappenheim procedure. 


“chromosomal intersex’’; in the 2 cases presented here—‘“‘chromosomal 
intersex, type mosaic,’’ or ‘“chromosomal intersex, type XO’’; in seminifer- 
ous tubule dysgenesis (Klinefelter’s syndrome)—‘‘chromosomal intersex, 
type XX Y” (12). 
IzaKovié, M.D. 

The Slovak Postgraduate Medical School, 
Chair of Internal Medicine, 
Trentin, Czechoslovakia, 
January 28, 1960 
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The Endocrine Society 


The 1961 Annual Meeting 


The Forty-Third Annual Meeting of the Endocrine Society will be held 
in the Hotel Biltmore, New York, N. Y., Thursday, Friday and Saturday, 
June 22, 23 and 24, 1961. 

The Chairman of Local Arrangements is Dr. Joseph W. Jailer. 

The Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily 
and in addition there will be simultaneous afternoon sessions. The an- 
nual dinner is scheduled for Friday, June 23, at 7:30 p.m., preceded by 
cocktails at 6:30 p.m. 

All members are urged to make their hotel reservations immediately. 
The Biltmore will hold 300 bedrooms for members until May 1, 1961, after 
which time the hotel will not guarantee further reservations. Therefore it 
is imperative that you make your reservations early, directly with the 
hotel, advising them of time and date of arrival and departure. If you plan 
on remaining through June 26 for the American Medical Association and 
other meetings, it is imperative that your reservations be made from 
June 26 on, directly through the A. M. A. Housing Bureau. Make your 
reservations early and avoid disappointment. Hotel reservation card will 
be mailed to members shortly after January 1, 1961. 

Final program, membership card and advance registration forms will 
be sent on May 1, 1961 to members whose current dues have been paid. 


The 1961 Awards 


The selection of the recipients of the awards of The Endocrine Society 

is made by a Committee appointed by the Council of the Society. These 

- awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. Endocrine Society awards are limited to citizens of the 
United States and Canada. 


FreD ConraD Kocu AWARD 


In 1957 a substantial legacy was bequeathed to the Society by the late 
Elizabeth Koch for the purpose of establishing the Fred Conrad Koch 
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Memorial Fund in memory of her late husband, Distinguished Service 
Professor of Physiological Chemistry at the University of Chicago and 
pioneer in the isolation of the androgens. This is the highest honor of The 
Endocrine Society and is represented by a medal known as the Koch 
Medal of The Endocrine Society. The medal, as well as an honorarium of 
$3,500, is to be given annually to an individual for work of special distinc- 
tion in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. . 

This Award was first presented in 1959, to Dr. W. W. Swingle and in 
1960 was presented to Dr. Emil Witschi. The Koch Medal has replaced the 
Medal of The Endocrine Society which was established in 1954. 


THE AWARD 


The Ciba Award is given in recognition of the meritorious accomplish- 
ments of an investigator in the field of basic or clinical endocrinology who 
has not reached his thirty-sixth birthday before June 1 of the year in which 
the Award is presented. This Award was established in 1942 and first pre- 
sented in 1944. The Award is presently in the amount of $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
- ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which wil] 
not exceed $5,000, may be divided into two Fellowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees 
are eligible for appointment. 
Applicants must submit the following information: 

. Evidence of scientific ability as attested by studies completed or ip 
progress. 

. Recommendations from individuals familiar with the candidate and 
his work. 

. A proposed program of study. 

. Acceptance of the individual by the head of the department in which 
the Fellowship will be held. 

. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 
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Tue UPJOHN SCHOLAR OF THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. A grant has been made available through the generosity of the 
Upjohn Company, and will be awarded to an established investigator or 
teacher in the field of endocrinology who wishes to extend the opportunities 
for work either in this country or abroad. 

The award will not exceed $2,500 annually and will be granted on the 
basis of proposals submitted by the applicant. Such applications should 
include the estimated financial needs. The funds may be used for travel, 
maintenance and other expenses. 


NOMINATIONS 


Nominations for the Fred Conrad Koch Award, the Ciba Award, and 
the Ayerst and the Squibb Fellowships may be made by any member of 
The Endocrine Society. They should be submitted on forms which may be 
obtained from the Office of the Secretary, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. Completed nominations should be returned 
to the Secretary not later than October 16 each year. 

Proposals for appointments as a Scholar of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by October 15 each year. 


Twelfth Postgraduate Assembly in 
Endocrinology and Metabolism 


UNDER THE Co-SPONSORSHIP OF THE ENDOCRINE: SOCIETY AND 
Tue UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 


WISCONSIN 
October 24 through 28, 1960 


The fee is $100.00 for physicians and $30.00 for Residents or Fellows 
taking the course. For further information or for requests to be included 
in the mailing of the brochure, including enrollment and hotel application 
forms, please write to: William D. Stovall, M.D., Coordinator of Post- 
graduate Education, Wisconsin Center Building, 702 Langdon Street, 
Madison 6, Wisconsin. 


(For program, see the August issue of the Journal) 
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The American Goiter Association 


The 1961 Annual Meeting 


The next Annual Meeting of the American Goiter Association will be 
held in the Warwick Hotel, Philadelphia, Pennsylvania, May 3-6, 1961. 
Arrangements are being made for a Clinical Day in the Philadelphia Hos- 
pitals on May 3. Scientific papers will be presented in the Warwick Hotel 
on May 4, 5 and 6. For further information address the Secretary, John C. 
McClintock, M.D., 702 Madison Avenue, Albany 8, N.Y. 


The Van Meter Prize Award for 1961 


The American Goiter Association, Inc. again offers the Van Meter Prize 
Award of $300.00 to the essayist-submitting the best manuscript of original 
and unpublished work concerning ‘‘Goiter—especially its basic cause.’’ The 
studies so submitted may relate to any aspect of the thyroid gland in all 
of its functions in health and disease. The Award will be made at the 
Annual Meeting of the Association in the Warwick Hotel, Philadelphia, 
Pennsylvania, May 3-6, 1961. A place on the program will be reserved for 
the winning essayist if he can attend the meeting. When more than one 
author’s name appears on the manuscript the authors will be asked to 
designate a single recipient to receive the award. 

The competing essays may cover either clinical or research investiga- 
tions, should not exceed 3,000 words in length and must be presented in 
English. Duplicate typewritten copies, double spaced, should be sent to 
the Secretary ; John C. McClintock, M.D., 702 Madison Avenue, Albany 8, 
N. Y., not later than January 1, 1961. Manuscripts that do not conform to 
these requirements will not receive consideration. The committee who will 
review the manuscripts is composed of men well qualified to judge the 
merits of the competing essays. 
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Training Program in the Physiology of Reproduction— 
Worcester Foundation for Experimental Biology 


In recognition of the world-wide need for scientific training in reproduc- 
tive physiology, the Worcester Foundation for Experimental Biology plans 
to initiate on January 1, 1961, a postdoctoral program in this field under a 
grant from the Population Council. 

Fellowships for the program will be awarded to candidates possessing 
the degree of Ph.D. or M.D., or equivalent. These Fellowships will carry 
a stipend of $5,500 per annum and will be for a twelve-month period. An 
allottment will also be made for round-trip travel to Shrewsbury, Massa- 
chusetts. Application blanks may be secured from the Research Director 
of the Worcester Foundation for Experimental Biology, and should be re- 
turned at an early date. They will be processed by a selection committee of 
experts, and the Fellowship awards for the first year will be announced 
late in 1960. Applicants for participation in the program in 1962 and later 
years may communicate with the Director at any time, but their applica- 
tions will not be acted upon in 1960. : 

The program will consist of a course of lectures and laboratory work. 
During the latter part of the year each Fellow will have the opportunity to 
participate in a research project pertinent to his interests and within the 
capacity of the program. 

The lecture series will be given by the Program Director, various mem- 
bers of the staff of the Worcester Foundation, and guest experts. The 
lectures and accompanying laboratory work will cover various phases of 
reproductive processes, particularly in mammals. Subjects to be treated 
will involve a review of reproductive processes in the male, including con- 
sideration of spermatogenesis, hormogenesis, the control of testis function, 
and the functional endocrinology of testis hormones. Extensive attention 
will be given to oogenesis, ovulation, and fertilization in the female, and 
factors affecting the entire course of pregnancy and embryonic develop- 
ment, as well as the postnatal physiology of the female. Additional topics 
will include the role of extra-reproductive tract organs in reproductive 
processes, genetic and nutritive factors in reproduction, and the control of 
fertility and sterility. 

Laboratory exercises will include the study of characteristic reproductive 
phenomena in various species, analytic procedures employed in determin- 
ing the chemistry of reproductive organs, the biochemistry of spermatozoa 
and ova, and hormone analyses pertinent to gonad function, to sex cycles, 
to gestation and to lactation. 

Address applications to the Worcester Foundation for isasdiaaneal 
Biology, 222 Maple Avenue, Shrewsbury, Massachusetts. 
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